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PREFACE TO THE SIXTH EDITION 

The need for a new edition has made it possible to carrj out a general 
reMsion and to make a number of alterations 

Some sections, for example, those dealing w ith thrombo phlebitis, 
brachial neuritis, sciatica, peptic ulcer, splenic nnaimia, and intestinal 
obstruction ha\e been reuTitten 

There have been added, inter aha, descriptions of vascular hyper 
tension, cuisnlgia, and tumours of muscles There is, too, i neu chapter 
on diseases of the pericardium, the heart, and great vessels 

Some of the older illustrations have been replaced by clearer 
examples, and a number of nen ones have been brought in The size 
of the book is uniltered ' 

Tlie book IS intended for senior students of surgerj, for whom it is 
hoped It will continue to be of value 

Our thanks are due to tJie publishers for their care and courtes) 
m the preparation of the new'cdition 


Glasgow 


C F W ILLINGWORTH 
B 31 DICK 



PREFACE TO THE FIRST EDITION 

Tms book has been written for graduates md senior students n ith 
the object of pro\ idmg an account of the pathologa of surgical diseases, 
and especially of those aspects that are outside the scope of text books 
of general pathology 

e have emphasized those features that are of greatest ^ alue to 
the surgeon, and we have laid particular stress upon conditions that are 
brought to s lew in the operatmg theatre and the surgical laboratory , 
but we ba^ e included also such relevant information as can be gained 
m the pathological department, m the post mortem room or m research 
laboratories 

Presummg a certain knowledge of general pathology on the part of 
our readers we baa e made only passing reference to such fundamental 
processes as mflammation, suppuration, ulceration and repair Their 
omission has given us room to expand certain subjects m directions 
which, we hope, will increase the readers* interest For example m 
the chapter on iWiours we have referred at some length to experimental 
researches, and to modem views on the preenneerous slate and on the 
nature of tumour formation , in the chapter on Diseases of Bones we 
have discussed various theories of the growth, modelling and repair of 
bone , ami m the chapter on Diseases of the Thorax we hai e included 
much that is usually dealt with only m special works 

The labour of preparation has lightened by the encouragement 
which our many colleagues Eiaae combmed with their adaice and 
assistance Out especial gratitude is due to Mr D tl Greig.Conseraator 
of the Roval CoUege of Surgeons of Edinburgh, who has offered many 
stimulating su^estions and helpful criticisms and lias corrected tlie 
greater part of the script OurtbauksareduealsotoProfessorD PD 
Wilkie and to Mr J M Graham, whobaaegiienmuclihelpfulencounge- 
ment , to Dr E B Jamieson, who lias read a considerable portion of 
tlie book, and criticised it conslructiaely , and to ^tr J J 31 Shaw 
and Dr Douglas 3Iiller, who liave given aaluable adiice in regard to 
the chapters on Tumours, and Diseases of the Female Generatne 
Organs respectiaclj 

In the matters of illustrations our colleagues haae been equally 
helpful 3Ir Greig has permitted us to use man\ specimens from the 
College museum and has lent many photographs from his own collection 
Professor Wilkie has allowed us the full use of the Umversity Department 
of Surgery, and Professor J Fraser and Professor R M Johnstone ha\ e 
provided similar facilities in the Departments of Clinical Surgery and 
DiseasesofWomen.respectiidy MearegratefultoAIr J W Stnithers 
for the loan of se'eral aaluable specimens from his collection These 
illustrations and those lent to us by other friends are acknowledged 
individually in the text 
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SURGICAL PATHOLOGY 


CHAPTER I 

INFLAMMATION 

Injury or infection insuiBcient nt onwj to impair the vitality of 
tissues stimulates the reactive process kno^vn as inflammation Since 
the effects of injuries and infections constitute a large part of a surgeon’s 
work, the study of inflammation may justly be regarded as of funda- 
mental importance to the surgeon pathologist 

Inflammation may he caused by a number of plijsical and 
chemical agencies, mcludmg physical trauma, irritation by foreign 
bodies, heat, cold, light, electricity, X rajs and radium Inflammation 
may also be caused by pathogenic bacteria, and this is by far the most 
important type Inflammation may be acute or chrome, according to 
tlie intensity and duration of action of tlic causative agent, and various 
degrees of both acute and cliromc inflammation occur, according to 
the specific type of bacterium or trauma responsible 

The inflammatory reaction occurs as a response to the irritant 
effects of toxins secreted by the bacteria ; or, in the case of aseptic 
inflammation, of the products of tissue breakdown at the site of injury 
Generally, the changes m acute mflammation are concerned mamly 
with neutralizing, destroying and eliminating the causative agents, and 
they involve varymg degrees of damage to the affected part. In chronic 
mflammation, on the other liand, whilst destructive changes are still 
apparent they are of a lesser degree, and are often merged in or obscured 
by changes of a reparative nature — the process of repair 

Acute inflammation, in its broadest sense, includes three distinct 
processes — the local vascular phenomena at the site of the lesion, the 
local reaction of the fixed tissue celk, and the constitutional effect 
characterized by leucocytosis and antibody formation 

The local vascular phenomena are responsible for the classical 
features of acute inflammation The blood vessels become dilated and 
render the part red and hot , blood plasma exudes from the dilated 
vessels and causes swelling, the sensory nerves, irritated b> toxic 
substances and perhaps compressed by oedema, give rise to pain , and 
finally muscles, joints and glands within the inflamed area suffer in 
varymg degree impairment of function Thus originate the five 
cardinal signs of inflammation — ^nibor, calor, tumor, dolor and functio 
lajsa 

The first exact description of the vascular changes m acute inflam- 
mation we owe to Cohnheim, and it is no exaggeration to claim that his 
observations, as recorded in his Lectures on General Pathology in 
187T, form the beginning of our conception of mflammation 


riTB. 
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Colinheim’s stutiies were mainK earned out upon iLe frog, and the most 
instructive are those in which he examined the nucroscopie changes in 
the vessels of the mesentery, m whidi inflammatory changes were 
tr.dur«^t b\ the application of wcaL acids. 

The e^hest change observed at a site of inflammation affects the 
smaller blood vessels, especially the smaller veins and capillaries. After 
an inconstant and transient constnction these vessels become ddated, 
sometimes to twice their ordmajy stre. Xot onl\ do the vessels dflate, 
but innumerable capillanes which m the normal tissues have been 
empty, collapsed and unrecogruzable, now become visiblv distended. 
The immediate result is a greatU accelerated blood flow through the 
affected part, but after a short time — ^rarclj more than half an hour 
— a furtlier change becomes apparmt Although the total blood flow 
tlirough the part remains grcatl) increased — witness the local heat— 
the flaw throu^ the individual vessels becomes reduced Indeed, m 
seiere cases the stasis is so marked that the individual blood cells 
can h^ recognircd not onlv m the capillaries, but also in the seins and 
e> en during diastole, in the smaller artenolts 

It seems probable that this slowing of the blood stream is attnbutable 
to two factors The CfSt is that the endothehal cells lining the vessels, 
normallv of flattened character, at this stage are affected b> the 
bacterial or other toxins and become swollen, so that thev project into 
the lumen of the s easel and partlr obstruct it The second factor is that 
asa result of the escape of its fluid content mto the tissues the blood now 
b ecomes more viscous and flows less freely 

Xow appears one of the most striking phenomena in the whole 
process In Cohnheun’s words, “ the eve of the observer hardlv has 
time to catch all the detaOs of the picture before it is fettered by a 
very unexpected occurrence ” UsuaUj this takes place in a vein, less 
often m a capillary, and it consists m the emigration of the leucoev tes 
through the vessel wall into the tissue spaces 

Xormallj in the veins the blood cells tend to oceupj the central or 
axial part of the stream, whilst the penpberal ot plasmatic zone consists 
mainly of plasma with an occasional Icuccx^le In inflammation, as the 
blood flow becomes sluggish, this disposition is lost, and the original 
plasmatic zone fills with innumerable leucocytes, which move slowly and 
uneienli, as though driven along b\ the blood flow and vet held bv 
a cohesive property ol the endotbehum. Eventually the mlemal surface 
of the vein appears paved with an unbroken laier of leucocytes Xow 
begins the leucoev tic emigration proper it almost looks as though 
the leucoevtcs squeeze themselres through the vessel wall between 
intact endothelial cells, and gradually resume their onginal shape on 
Kaclung the perivascular tissue spaces The minute gaps left after 
tlieir passage appear to be scaled immediateh . 

The migration of the leucocytes does not cease when thev has e left 
the vessels PartK earned bv the How of plasma, partlv attracted by 
chcmotaxis they are drawn towards the seat of inflammation. There 
thev secrete enzymes with bactenolytie properties, thev engulf organisms 
or minute foreign bodies, or th^ may tbemselres be* destroved bv the 
bacterial or other toxins. 
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In the wake of tlie leucocj tes, red blood cells also maj escape from 
the aessels bj the process of dtapedesis This is not a striking feature 
m the majority of inflammations, but occasionally it is conspicuous 
Keeping pace with the cellular migration, there occurs a transudation 
of plasma mto the tissue spaces or on to the serous surfaces This 
transudation is due partly to the toxic damage to the capillary and 
\enous -nails, which impairs the permcabilit} of the endothelial mem 
brane It is also attributed to the fact that the tissue colloids, which 
are of low osmotic pressure, and are broken down bj the bacterial or 
other toxins into crystalloid substances, which, being of relatively 
simple composition, exert a high osmotic pressure and consequently 
withdraw fluid from the %essels 

Escape of blood plasma is a potent factor in the defence against 
bacterial infections, for it not onl^ dilutes the toxins but also exposes 
them to antibodies and supplies opsonins which facilitate phagocytosis 
In some circumstances, especially when poured out upon a serous 
surface, the fibrmogen rich exudate becomes clotted, and this may ha% e 
additional \alue ns a means of circumscribing an infection This is 
seen most strikinglj -nhen an acute appendicular infection is circum- 
scribed bj fibrinous adhesions between the surrounding coils of intestine 
The Nature of the Leucocyte Response. One of the most remarkable 
features m the whole process of inflammation is the behaviour of the 
leucocytes, particularly, in acute infections, of the poljTnorphonuclear 
leucocy te 

Reference has already been made to the emigration of the leucocyte 
— how it settles to the periphery of the blood stream, ranges itself 
alongside the vessel wall, extrudes itself between the endothelial cells, 
and finally mo^es m the tissue spaces towards the focus of inflam- 
mation Recently a tissue product — ‘ leucoloxme ’ — has been isolated 

in crystalline form from injured or inflamed organs, which, when 
applied locally in minute dilution has an exceedingly powerful effect 
m accelerating capillary permeability and accumul'ition of leucocydes 
Leucocjtes within range of any particulate matter — a minute 
foreign body or a bacterium— may exhibit the phenomenon of 
phagocj tosis (^ayfiy — to eat) First the cytoplasm on the side nearest 
the particle bulges, and then projections or pseudopodia appear, 
which encircle the particle and draw it into the substance of the 
phagocyte Within the cell the particle is subjected to the action of 
enzymes and digested or dissolved — or, this failing it may be dis 
charged from the Icucoej te and set free again m the tissue fluid 

It is interesting to note tliat the property of phagocj tosis, so 
beautifully seen vi tivo, is entirely lost in in vitro experiments if the 
leucocj tes are first washed m physiol<^ical salme From this it is clear 
that some elements from the body fluids are required to facilitate 
phagocj tosis These accessories are known as opsonins (o^cuv — a sauce) 
They are present m normal blood plasma, and are found in greatly 
increased amount in the plasma of patients whose immunity js raised 
in response to an mfection 

The phenomenon of phagocytosis by leucocytes was discovered by 
Metchnikoff almost by chance m the course of a general inquiry mto 
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the cellular responses to mj\ir> shown the simpler forms of life. A 
ro^ thorn embedded in the larva of the starfish was found to elicit 
a cellukr response to all intents and purposes the same as in animals 
possessing a vascular s\ stem, riom these observations Jletchnikoff 
concluded that phagocvtosis is not me«K an important feature, hut 
the essence of the defence against injur\ or infection , in otlier words, 
all the other phenomena of inflammation mercH form the mechanism 
e% oh ed h\ the higher forms of life to bring the leucoci-tes more rapidh 
to the field of action This simple mcw is not, however, to be accepted 
Whilst the leucQC\'tic response is of undoubted importance, there are 
mans other factors im olved in the defence against infection 

The mechanism of leucoevtic emigration and phagocytosis is one of 
great biological significance, and it is now generalls agreed that these 
processes can best be evplamed by applnng the known laws of chemistrs 
and pln-sics The\ realli depend upon the inter related properties of 
cheniotavis and amaboid niowmenl 

The terra ehfmataxis was suggested b\ Pfeffer in 1881 to describe a 
phenomenon esluhited b\ the spcnnalozoids of certain ferns which were 
powerfulh attracted b) dilute solutions of malic acid, a substance 
contained in the female sperm cell of the fern A siradar propertj was 
demonstrated bi Stahl m his classical experiments with a jelly like 
plasmodium growuig on the bark of trees Stahl showed that in cilro 
the plasmodium is attracted towards a drop of infusion of oak bark, 
provided it is in sufficientlv dOute solution Moreover, he noted that 
the plasmodium moves towarjls {he drop by a process of protoplasmic 
stieanung closets sinulat to amoeboid movement. 

The chcmotactic effect of a substance towards leueocs'tes may be 
tested bs placing the substance m the open cod of a capillary tube and 
inserting the tube within the peritoneal cavitv of an animal, when 
positis e chemotajas is mdicated by the aggregition of leueocs'tes round 
its open end Mans substances have a positive chemotactic action, 
whilst others ate neutral, and others again are said to have a negative 
action tx repel the leucocvtes 

Chemotaxis i> now recognized to be a surface tension effect (see 
below) If the solution has the effect of reducing the surface tension of 
the Icucocste on the side nearest to it, the leucocyte travels in that 
direction The property of phagocytosis also is now regarded as a 
comparatirels simple pbyxjcal process rrsultiog Srom chaz^es 211 surface 
tension Phagocvtosis is not, of course, peculiar to the leucocyte, but is 
enjojed by all unicellular organisms and is one of the most striking 
characteristics of the amerba An amoeba maj be looked upon as a drop 
of a colloidal solution enclosed m a delicate semi permeable membrane, 
and Its movements are related to clianges in surface tension which, in 
turn, depend upon chang» m the character of the cellular protoplasm 
or of the fluid in which it is immersed 

Both chemolaxis and amccboid movement maj be imitated by 
“ artificial amcebs ’ composed entirely of non hvmg substances Thus 
a drop of close oil suspended m a mixhu^ of glscerol and alcohol 
performs movements almost identical with those of the amceba— it 
responds to chemotams and exhibits “ phagocytosis ’’ 
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Chemotaxis may be demonstrated if a small quantity of stronger 
alcohol IS injected mto the fluid near to the drop of clove oil The 
alcohol reduces the surface tension on the one side of the drop, the drop 
thereupon bulges on that side and moves m the direction of the stronger 
solution Phagocytosis is best imitated by an “ artificial amoeba ” 
consisting of a drop of chloroform suspended in water Wien such an 
amoeba comes -ivithin range of a minute particle of shellac or paraflin or 
balsam, it sends out pseudopodia, engulfs the particle and then digests 
(i e , dissolves) it If the particle is m the form of a tliread, it may be 
engulfed even though it is sev eral times longer than the diameter of the 
drop, bemg gradually dravvai m and coiled up inside until completely 
ingested Other types of particle, on the other hand, the chloroform 
amoeba will reject, for example, fragments of glass or wood The most 
remarkable behaviour of all is witnessed when a fragment of glass 
coated with shellac is offered to the “ chloroform amceba,” for this 
compound particle is readily ingested, but when the shellac has been 
dissolved within the drop the glass is extruded 

Suppuration Suppuration results when there is a nice balance 
between the infecting agent on the one hand and the mflammatory 
reaction on the other The combined effects of the leucocytes and the 
antibodies contained m the mflammatory exudate have circumscribed 
the infection, yet failed to destroy the causative orgamsms Many of 
the phagocytes are themselves destro>ed by the bacterial toxins, and 
they and their enzymes and liquefaction products are the mam consti 
tuents of the pus In severe spreading mfections the appearance of pus 
indicates that tlie mfection has been circumscribed Under these 
circumstances “laudable pus ” is indeed welcome 

Ihis formation is due essentially to the progressive emigration of 
leucocytes m large numbers, and it depends upon the continued produc 
tion of chemotactic substances by the infecting agent The pj ogenic 
cocci are the commonest causes of suppuration, whilst coliform bacilli 
and many other oiganisms may be responsible, though less frequently 
Aseptic irritants, e g , foreign bodies, are less common causes of 
suppuration 

Zhe feucocytes present m pus secrete prudeufyfre enzjntes, and as 
many of the leucocytes are kiUed by the bacterial toxms and undergo 
dismtegration their intracellular enzymes are also liberated The 
digestive action of pus is manifest by its effect in loosening adherent 
sloughs m such conditions as cellulitis In any suppuration, indeed in 
any severe inflammation, there is uiev itably some destruction of the 
specialized tissue cells, sometimes omounting to massive necrosis of 
the part It is the function of the enzymes of pus to digest and liquefy 
such necrotic tissues, so that they may be re absorbed or, failing this, 
discharged when the abscess is fully established 

This consideration should be kept m mmd m the surgical treatment 
of suppuration If pus is present the natural reaction of a surgeon is to 
let it out, to temunate the toxasmia caused by septic absorption from 
the abscess It must be remembered, howev er, that the enzyme effects 
of pus are often beneficial, and if the toxaemia from absorption is not too 
severe a more conservative attitude is often advisable, particularlj in 
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conditions characterized extensne necrosis of tissues Tins has 
been the accepted practice in the treatment of boils, carbuncles, ocute 
mastitis and sinular infections delaving incision until the sloughs ba\e 
been liquefied b^ enz^ me action 

Tj-pes of Inflammatory Cells In the fotcgomg account of acute 
inflammation and suppuration the cell of most conspicuous importance 
has been the pol^Tuorphonudearleucoc) le This is the cell es ohed b% all 
the common causes of acute inflammation, and may be regarded as the 
first Ime of defence against acute infections In the later stages of acute 
mflamroation, and in chronic inflaminatiOB, other cells appear and 
occupj more unportant positions m the tissue reaction 

The large mononuclear cell or macrophage takes an important part 
in cl'^aring up or sca^englng after the acute phase of mflammalion is 
past This cell, vanouslj known as a polj blast, a dasmatoc>te, or an 
adi entitial cell, is a large, pale, rounded cell with a vesicular nucleus 
and abundant C5’toplasm It is behesed to be derived from the histio 
Cl tes or wandering cells of the tissues, from the cdls of the rebculo 
endothelial svstem, or possiblj from the large mononuclear cells of the 
blood Its mam function is to scavenge by phagocytosis the d^bns left 
bv the acute inOammatorj reaction, and thus it may engulf red cells, 
dead polymorphs, blood pigment, foreign partied and fragments 
of deid tissue In some cases, where there are larger fragments of 
foreign material to be removed, several macrophages fuse, forming giant 
cells allied to the foreign body giant cells 

Lymphocylti ate rarely seen m acute mSamniations, except in the 
centi^ nerv ous system, where they are r^ularly present in such condt 
tions as poliomyelitis and meningitis They arc more characteristically 
present, however, in chronic infections and m specific conditions such 
as tuberculosis, syphilis and actinomycosis lymphocytes have little or 
no phagocytic actintj , and migrate much more slowly than polymorphs 
in response to chemotaxis 

Plasma cells are also characteristic cells of chrome inflammatory 
conditions They are mononuclear cells, somew hat larger than lymapho 
cydes, with an excentnc nucleus and a basophil cytoplasm which 
contains m its centre a clear area close to the nucleus Plasma cells 
and lymphocytes tc^cther constitute the “ small round cells ” of chronic 
inflammatory exudates 

£o*im: 5 jAiI cells are normally present in the blood m small numbers 
(2 to 4 per cent ) and are occasionally found m mflarrtmatory mfiltra 
Uons They are most charactwisbcally present m allergic conditions 
and m parasitic infestations, and it seems likely they may appear in 
response to the irritation of forego proteins 


Repair 

PoUovnng rapidly upon inflammation and indeed merging witli its 
later phases, comes the pivcess of repair Tlits pro <^3 vanes m 
character according to the particular type of tissue involved vn tbs 
inflammatory reaction and the d^cee of destruction In general, the 
greatest capacity for regeneration is shown by areolar and fibrous 
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tissues and by covering Jajers of epithelium, whereas the secreting 
cells of glands, the cells of the central nervous system and muscle cells 
undergo regeneration to only a small extent In these latter tissues 
the process of repair consists mamly m filling the defect by fibrous 
tissue Thus a wound of muscle is followed by verv little proliferation 
of muscle cells, and the defect is repaired by a growth of scar tissue 

The process of healing may be seen in its simplest form m a clean 
incised wound of the skin Microscopically, the first evidence of healing 
may be seen within 24 hours, both in the connective tissues and the 
epidermis 

In the conneetiv e tissues y oung capillary vessels bud out from exist 
ing vessels at the margin of the wound and invade the blood clot 
occupying the wound Around the capillaries appear fibroblasts, and 



Fio 1 Wound of integuments twenty four bours old The cavity of the 
wound (on left) is filled with clot Early Inflammatory changes are 
seen at the margin 

with them come large phagocytic cells, scavengers of any dead material 
The fibroblasts proliferate actively and form a young connective tissue 
known as granulation tissue Later the fibroblasts give rise to the 
formation of collagen fibrils, whilst the cells themselves become reduced 
m size and cease to proliferate so that eventually the granulation tissue 
IS converted mto fibrous tissue of adult type 

Simultaneously with these changes in the connective tissues heahng 
proceeds m the epidermis At a very early stage epidermal cells extend 
from the wound margin mto or over the surface of the blood clot To 
some extent this process is due to multiplication of the margmal cells, 
but much of it is due to sliding of the adjacent epidermis m towards 
the wound This is seen well m vrounds of the rabbit’s cornea In this 
animal, pigment in the basal cdls of the limbal epithelium forms a 
complete brown ring round the limbus , after a wound of the cornea 
sliding of the epithelium is demonstrated by centripetal displacement 
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of that part of the ring close to tlie womid At first the new epidermis 
IS thin and iinheratmizeil Later it a|^no%imates to normal epidermis, 
hut lacks sebaceous or sweat glands and haw follicles 

In large wounds healing is delajed hj the simple difficulty of filling 
the defect The same inflammatorN reaction occurs, and the cantj of 
the wound is filled bv a coagulum of blood and Ij'mph containing many 
leucoevtes Capillary loops and fibroblasts grow into the coagulum 
from the surrounding tissues and sooner or later line the wound with 
granulation tissue which later becomes fibrous Contraction of the 



Fjg ^ ^Noind of the inlogumeDls three days old The cavity of the 
wound (left) u filled with riot There » a vrgotora downgiowlb of 
epidermi5 orer the edge of the wtwnd 

loung fibrous tissue then occurs and this has a valuable effect in 
reducing the size of the wound 

tVhilst these changes are occumng m the depths of the nound the 
epithehum round the maigm proliferates and grows o\er the defect as a 
thin blue layer, easilj damaged b> moving the part or bj tearing off 
adherent drwsings In the case of large wounds the epithelial growth 
may pro% e insufficient to coi cr the whole defect especially if a chronic 
infection persists or if the part is of poor vasculanly, for owing to ladk 
of adequate nutrition from the underlying connectia e tissues the epithe 
lial ingrowth becomes progressisely slower and the centre of the wound 
IS left open as an ulcer In such cases the epithehum covering the wound 
margins is thm, blue and adherent and is verj easdj devntaUsed 
Shrinkage of the tissues plays an important part in healing, parti 
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cuhrly in Iirge "wounds It is an cvcrjday experience that the 
eventual scar is always much smaller than the original wound, and in 
some cases the area of the raw surface is reduced by 75% as a result of 
this process 

Factors influencing the Rate of Wound Healing The rate of wound 
healing is affected by manj factors both local and constitutional 

(1) Vascularity ^Vounds of the face heal with great rapidity 
(despite constant moi cnient) and so do wounds of the scalp wliereas 
wounds of the less aascular skm of tlie trunk and lunbs are much 
slower If tlie blood supply to a port is seriotislj diminished, as a result, 
for example, of local scarring or obliterative vascular disease, healing 
maybegrcatlj delayed 

(2) Lymph drainage Impairment of l>mph drainage slows up the 



Fic 3 Wound of integuments ten days old The iround is filled with 
young connects e tissue and completely covered by epidennis Some 
ulan& of epidermal cells are included m the scar 

process of repair, as is seen clearly m the healing of a part oedematous 
from any cause The beneficial effect of elevation of a wounded limb 
IS due to the improvement which results m Ij mphatic drainage, while 
the effect of firm pressure, such os is produced by encasing tlie part in 
plaster, is attributable to the same cause 

(3) Movement Movement of the wounded part is well known to 
delay healing and indeed immobilization is a cardmal principle of 
treatment Immobilization not only prevents damage to the young 
granulation tissue and cov enng epithelium, but also diminishes greatly 
the flow of Ij mpli through the affected part and this factor also appears 
to have a beneficial influence Apart from delay m healing movement 
alsoleadstotheformationoflargeunsightlysears, witnessthe' keloid’ 
cicatrix of many wounds of the nedc as compared with the thin linear 
and almost invisible scar m a limb immobilized in plaster 

(4) Anchorage to subjacent tissue Reference has already been 
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made to tJie part pla\e(I bj sJirintage of the wound If tlie margm or 
base of tJie wound is ancliorcd to a subjacent bone or ligament or f^scla 

the result, for example, of infection — slirmhage cannot occur and 

healing is delated This is well seen in the clironicitj of raricose ulcer, 
of deep wounds imohnng bone, and of the incision in cases of osteo 
m\ elitis 

(5) Foreign holies and tmiani aj^hcaUons Apart from inert 
materials such as stainless steel and vitillmm, nearlj, all foreign botUes 
induce n reaction which impairs the process of healing The reaction 
\aries from a minimum connective tissue response to all grades of 
inflnmmation according to the irritant character of the substance 
^nd tlie degree of infection associated In the more severe tjpes the 



Fig 4 Wound of intecunMnls tbtrtccn dav« old High power nww 
showing cJiaricter of the >oung fibrous tissue occupying the woimd 
The epidermis is undergouig Leratiniration 


uhole process of healing is held up until the foreign bod} has been 
extruded 

Necrosis at the wound margin, whether due to impaired nscularitj 
cs tc. infection, Ivas tVie same eilett Here healrag w cA -untii the 
deid tissue has been loosened bj phagoc} tic action and cast off as a 
slough 

Antiseptics applied to a wound maj hnsc a similar effect inasmuch 
as thc\ are harmful to the liiing ceOs Indeed, some antiseptics are 
more effectne m delaying the process of heabng than the infection they 
are designed to prei ent 

(G) Ifi/cction Of all the local factors which influence wound 
healing infection is undoubtedU of the greatest practical importance 
Toxins of bacterial ongm destroy the marginal epithelium and connec- 
tu*e tissue cells, and the presence of fluid and cellular inflammatory 
exudate also delay s the heaUng process, while in some cases the formation 
of sloughs IS a further factor Much depends upon the nature of the 
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infecting orginism and it is generally agreed that a streptococcal 
infection is most harmful The ph} steal state of the infected ^^olmd is 
of e\cn greater importance Thus a completclj open surface wound 
may heal at almost the normal rale despite hea\y infection, wlule a 
deep wound, especially if closed by sutures, bj creating conditions of 
tension xmder which necrosis occurs, may heal only after much delaj 
(7) Constitutional faeiors A\ound healing is generally delaj ed m 
diabetes and seiere anrnmias Ilypoprolcinannta is an important factor 
rollouing all t\pcs of injurj there is a considerable loss of nitrogenous 
substances m the urme as a result of protein katabolism the cause of 
nhich is obscure Moreover in an infected nound there maj be a 
local protein loss m the exudate At the same time the protein intake 
maj be Ion bj reason of anorexia In the healing wound moreover, 
there is in increased demand for protein for the growing cells and new 
tissues The effect of lack of protein is to cause cedem-x and to impair 
the formation of fibroblasts Dejicteiicy of idatntn C has recently been 
slioxvn to be important and may be the factor responsible for the delay ed 
healing of operation wounds in patients suffering from gostro intestinal 
diseases such as carcinoma of the stomach and peptic ulcer m whom the 
absorption of vitamin C has been defectixe The frequency of ‘ burst 
abdomen ’ m such cases has been attributed to this factor It has been 
shown that the part played by vitamin C is to facilitate the restoration 
of collagen In deficiency states the early phases of wound healing 
proceed normally, but collagen fads to dexelop, the wound does not 
consolidate and tends to stretch or give way at a later stage 

Wound stimulating Substances Since prehistoric times men have 
searched for substances capable of ncceleratmg the healing of wounds 
In recent years particular attention has been directed to embryonic 
extracts, some of wluch arc knowm to accelerate the gro>vth of cells in 
tissue culture, to aarious substances affecting surface tension, and to 
particular agents such as allantom red cell suspensions and chemicals 
with the sulphydryl group (SH) At the present time none of these 
substances lias been shown to be of practical value Indeed, when one 
obser\ es the headlong rate of healmg as seen microscopically in a simjde 
clean untreated wound, it becomes ob\aous that no method of liastening 
this process is likely to be more effectue than that of putting the 
wound at rest and countering the influences ad\ erse to healing 
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•ftOUND INFECTIONS 

Tjieiie are no boundaries m scientiiic endeavour, and our knowledge 
of r^ound mfectiotis is the outcome of the labours of the pioneers of 
Listenan and aseptic principles and steady advances in bacteriologj , 
umnunologv and therapeutic practices, the greatest of which is tlie 
discover} of antibiotic agents 

"Nowadaj’s in hospital wards we seldom witness the once common 
ravages of er}*sipelas moist gangrene and uncontrolled ease lo-case 
infection Though we mav feel more secure wound infections on a 
lesser scale are still common and are a continued source of difiicull} 
and anviet} in all fields of surgical work so that stud} of the basic 
factors governing theur origin propagation and control is of the highest 
unpotlance Indeed it vs a first principle of surgical tcacliing 

W ound infection is the result of implantation of pathogemc bacteria 
upon or withm a breach of the cutaneous serous or mucous surfaces of 
the bod} The portal of entrv may be an obvious wound or the most 
iDSigmficant abrasion, scratch or pnek In either case the ensuing 
infection may lead to severe damage to the pari primanl} infected, to 
grave constitutional disturbance and to lesions in distant organs, any 
one of which may exceed the original infection m importance and 
seventy 

Predisposing Factors Susceptibih^ to wound infection may be 
conditioned by constitutional or local factors Frequently these are 
combined 

(1) In some persons even though seemingl} robust, there is an 
undeniable lack of resistance to certain types of infection the underlving 
cause of which is not understood Sometimes the susceptibiht} is 
familial, more often it is an individual pccuhanty Constitutional 
susceptibility may also be caused bv debility resulting from acute or 
chrome illnesses, diet deficiencv diabetes etc which favour the 
occurrence and propagation of mfection The dmumshed immunity 
may be accounted for b} impaled local tissue actmt} and b} reduction 
in the bactenadal properties of the blood 

( 2 ) The local factors which influence infection are largelv governed 
b} the quality of the leucocvte response Consequentlj , parts which 
are highlj vascular arc relatively immune from severe mfections and 
are more able to circumscnbe them promptly and vigorouslv as com 
pared with tissues of less vascularity Thus wounds of the face seldom 
become infected, whereas m wounds of avascular structures such as 
tendons or cartOage, the tissues show poor defence and often undergo 
necrosis 

The special characteristics of the wound may have an important 
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bearing upon the se\erity and course of an infection Contusions and 
lacerations pro% ide a fa\ ourable foothold for bacterial growth, especially 
if there is contamination with extraneous matter, and the resulting 
infection is often severe and attended by sloughing and considerable 
toxic absorption Punctured wounds, such as may be sustained in 
conducting a post-mortem examination, may be equally dangerous, 
because mfectne material (sometimes with foreign matter) may be 
implanted at considerable depth and the narrow outlet prevents the 
escape of inflammatory products 

The skm and subcutaneous tissues are more resistant to infection 
than the serous membranes of the bod) Tor example, a trivial infection 
of a joint, such as the knee, is often followed by sea ere and extensive 
inflammatory change 

Sometimes a part alrcadj' infected, e g , a cliromc ulcer, affords 
access for more \irulent orgamsms, and the existing reactiae processes 
ma) limit the scaenty of the infection Superadded infection of more 
recent wounds is common, and sometimes of serious consequence 

Bacteriology of Wound Infections 

The most important bacteria m the causation of wound infections are 
the pyogenic streptococci and staphylococci In special circumstances 
there may be a concomitant or superimposed infection by other 
organisms such as B coU, B pyoctfaneus, pneumococci, Cl Utant and 
Cl uelchii 

The Pyogenic Streptococci The streptococcus group is very hetero- 
geneous and complicated classi/ications of various groups, types and 
strains haa e been formulated For practical purposes, however, regard 
need be taken only of two chief types, the hiemolytic and the non 
h®molytic 

The haimolytic streptococci arc frequently found in the nasopharynx, 
and streptococcal infections may originate from this site or from external 
sources They are apt to cause acute spreading infections such as 
erysipelas, cellulitis, lymphangitis, etc They are of especial importance 
as the commonest cause of puerperal sepsis (p 670) 

As the manifestations of the diseases produced by the haemolytic 
streptococci are so vaneef many attempfe have been made to tbrmufate 
a cultural or biological standard to account for the differences Lancefield 
and others, approaching the problem from a serological standpoint, 
classify haimoly tic streptococci into groups according to their agglutina- 
tion reactions Jfost of the haimolytie streptococci isolated from 
infections m human subjects belong to group A, Streptococci of other 
groups designated (B C D E and H to K ), which ha\e been obtained 
from a variety of human and animal sources, are, w ith few exceptions, 
non pathogenic for man Nowadays it is of greater importance to 
ascertain the degree to which the organism is sensitive to penicillin 

The non hxmolytic streptococci (which lack diffusible toxins) have 
a much lower virulence They are normally found m the mouth {e g , 
sir vindans) and the bowel (enterococcus) They are responsible 
for many low-grade infective processes, eg, dental sepsis, peptic 
ulceration, cholecvstitis They are common commensals m mixed 
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T rTTTtr are no boundaries m scientific endea\ our, and our tnowledge 
of wound infections is the outcome of the labours of the pionetrs of 
Listenan and aseptic principles and stcad\ advances in bactenolog\, 
immunolog) and therapeutic practices, the greatest of which is the 
discovery of antibiotic agents 

Nowadays in hospital wards we seldom witness the once common 
ramges of en-sipelas, moist gangrene and uncontroDed case to-case 
infection Though we ma\ feel more secure, wound infections on a 
lesser scale are still common and are a eontmued source of difiicullj 
and anxiet) in all fields of surgical work, so that studj of the basic 
factors goi errung their origin, propagation and control is of the highest 
importance Indeed, it is a first principle of surgical teaching 

Wound infection is the result of implantation of pathogenic bacteria 
upon or within a breach of the cutaneous, serous or mucous surfaces of 
the bod} The portal of entry may be an obvious wound or the most 
insignificant abrasion, scratch or prid^ In either case the ensuing 
infection may lead to sei ere damage to the part prunaxil) infected, to 
grave constitutional disturbance a^ to lesions in distant organs, any 
one of which may exceed the original infection in importance and 
seventy 

Predisposing Facton SuscepUbihtj to woimd infection may be 
conditioned by constitutional or local factors Frequently these are 
combined 

(1) In some persons, esen though seemingly robust, there is an 
undeniable lack of resistance to certam types of infection, the underly mg 
cause of which is not understood Sometimes the susceptibiht\ is 
famihal, more often it is an uuhvidual peculiarity Constitutional 
susceptibibty may ako be caused by debihtv resultmg from acute or 
chrome illnesses, diet deficienc\, diabetes, etc, which fa%out the 
occurrence and propagation of mfection The diminished immunity 
may be accounted for by impaired local tissue actmty and by reduction 
m the bactericidal properties of the blood. 

(2) The local factors which mfiuence mfection are largely governed 
by the quality of the Jeucoci-te response Consequently, parts which 
are highly vascular arc relatively immune fimm severe infections and 
are more able to circumscribe them promptly and vvgorousl\ as com 
pared with tissura of less vascularity . Thus wounds of the face seldom 
become infected, whereas in wounds of avascular structures, such as 
tendons or cartilage, the tissues show poor defence and often undergo 
necrosis 

The special characteristics of the wound ma% have an important 
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bearing upon the se\erity and course of an infection Contusions and 
lacerations provide a favourable foothold for bacterial growth especially 
if there is contamination with extraneous matter, and the resulting 
infection is often severe and attended by sloughing and considerable 
toxic absorption Punctured wunds, sucli ns maj be sustained m 
conducting a post mortem examination, may be equally dangerous, 
because infccti\e material (sometimes with foreign matter) may be 
implanted at considerable depth and the narrow outlet pre\ents the 
escape of inflammatory products 

The skin and subcutaneous tissues are more resistant to infection 
than tlie serous membranes of the body For example, a trivial infection 
of a jomt, such ns the knee, is often followed by severe and extensive 
inflammatory change 

Sometimes a part already inrccte<1, e g , a clironic ulcer, affords 
access for more virulent organisms, and the existing reactive processes 
maj limit the seventy of the infection Superndded infection of more 
recent wounds is common, and sometimes of serious consequence 

Bacteriology of Wound Infections 

The most important bacteria m the causation of wound infections are 
the pyogenic streptococci and staphylococci In special cu’cumstsnces 
there may be a concomitant or superimposed infection fay other 
organisms such as B coh, B pijocyaneus, pneumococci, Cl Utant and 
Cl tcelchu 

The Pyogenic Streptococci The streptococcus group is very hetero- 
geneous and complicated classifications of various groups, types and 
strains have been formulated For practical purposes, however, regard 
need be taken only of two chief types, the hsemolytic and the non 
haemolytic 

The htemolytic streptococci are frequently found m the nasopharynx 
and streptococcal infections may origmate from this site or from external 
sources They are apt to cause acute spreading infections such as 
erysipelas, cellulitis, Ivmpliangitis, etc They are of especial importance 
as the commonest cause of puerperal sepsis (p 679) 

As the manifestations of the diseases produced by the hscmolytic 
streptococci are so varied many attempts have been made to formulate 
a cultural or biological standard to account for the differences Lancefield 
and others, approaching the problem from a serological standpoint, 
classify haimolytic streptococci into groups according to their agglutina 
tion reactions Most of the hscmolytic streptococci isolated from 
infections m human subjects belong to group A Streptococci of other 
groups designated (B C D E and H to K ), which fiav c been obtained 
from a variety of human and animal sources are, with few exceptions, 
non pathogenic for min Nowadays it is of greater importance to 
ascertain the degree to which tlie organism is sensitive to penicillin 

The non haemolytic streptococci (which lack diffusible toxins) have 
a much lower virulence They are normally found m the mouth (e g , 
str vindans) and the bowel (enterococcus) They are responsible 
for many low grade infective proc^ses, eg, dental sepsis peptic 
ulceration, cholecystitis They are common commensals m mixed 
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infections In. rare instances anaerobic tj’pes of streptococci are encoun 
tercd Tbev are usuallj non h'cmolyttc and of low s irulenee 

Pathogenic streptococci elaborate o diffusible toxin which varies in 
amount and character m different strains Tlie toxin ©sntains a leuco 
cidin and a fibrmolj-tic agent, and it is probable that the virulence of 
different strams is gosemed by the extent of production of these 
substances 

Staph>lococa. The staphvlococcus group includes the commonest 
commensals and pathogens m man These organisms occur m the 
throat, on the skin, in hair follicles and in sebaceous glands There ate 
two fairlj distinct tt'pes, the highl> pigmented Staph aureus and the 
paler Staph aJbvs Of these, tlic former is the more pathogenic m man 
and gi\cs rise to pustules, bods, whitlows and carbuncles, and also to 
the great majorilj of cases of acute osteomjelitis 

The pathogenic power of staph) lococci is due almost entireU to the 
esotoxins thej product These contain (1) an a Usin, which gives rise 
to skin necrosis m addition to other toxic effects , (2) a ^ Ij'sm, of 
uncertain action , (3) a leucocidm , and (4) coagulase, which is 
responsible for the dotting of plasma Tlie toxins of stapbj lococci 
evoke a vigorous antitoxic response in the blood Like other exotoxms 
the) can be changed to toxoid by the use of formaldeJn de, and in such 
attenuated form have been used for immunization 

Bacillus coll Tlie BactUus coU occurs naturall) os a commensal in 
the intestinal tract It is a common cause, either alone or with other 
organisms of uiQanunatot) and suppurative lesions within the alxlonien, 
eg, peritomtu choIec)'5titts appendicitis In such diseases the pus 
has a characteristic fscal odour B coh is also often responsible for 
inflamniato;) lesions in the unnarv tract, e g , pyelitis and cvstitis In 
general the oiganisros cultivated from sucli lesions are more virulent 
than the ordinar) intestma! strams 

BaoUus p)*oc>'aneus This organism which occurs naturall) in 
decomposing organic matter, sometimes gives rise to a stubborn form of 
superimposed mfcction lo wounds It rare!) occurs alone In wounds 
it gives rise to a characteristic green or bluish coloration of the pus 
owing to the production of a pigment p)OC) aniu 

Source of Wound Infections 

h 'Rvyemi te orgransins aViead) Tne^ent m tine ^in 

or mucous membranes or b) organisms introduced without 
The skm is a common, source of wound sepsis, for it frequently 
harbours pathogenic organisms, especiallv staphylococci and strepto- 
cocci 

Skin organisms var) greatl) m number and virulence Some 
persons harbour staphylcicocci of high virulence m laigc numbers , 
others have relativelv few palhi^ns This disparit) is related to 
certam occupations , thus doctors, muses and others handling septic 
material ma) harbour dangerous mgamsms, and so to a smaller extent 
ma> butchers and fishmongers, wh«cas at the other extreme m motor 
mechanics and engineers working with oil and metal filings the skin 
of the exposed parts is commonly almost sterile 
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Organisms introduced from mthout include the common pyogenic 
COCCI and also the streptococcus of erysipelas, the bacillus of tetanus, 
and the anaerobic organisms of gas gangrene 

Contamination of operation wounds is a subject of greatest concern 
to the operatmg surgeon, and one which places a great responsibility 
upon those who supervise the aseptic ritual at operations Apart 
from its immediate effect m causing wound suppuration, such con 
tamination may play a part m the -etiology of phlebitis and pulmonary 
embolism, and is doubtless of importance also m causing adhesions and 
leading to keloids and painful scars 

The incidence of wound infections bears -i close relationship to the 
duration of exposure of a wound to the air Thus in lengthy opera 
tions, r g , on the brain, a careful technique is of especial importance 
The commonest type of post operative wound infection is the 
“stitch abscess,” which usually develops ten days or two weeks after 
operation, giving rise to a small suppurative collection of low grade 
\irulence m the skin and subcutaneous tissue The infecting organism 
is generally the staphylococcus albus, and is doubtless derived from the 
adjoming skin, m which it commonly occurs as a commensal 

Alote virulent mfections of operation wounds are generally due to 
streptococci, and their invasion of the wound must usually be attributed 
to some breach of aseptic technique, although the possibiht} that the 
organisms may be endogenous, t e , blood borne from some hidden focus 
of infection, cannot always be excluded with certainty 

Staphylococci derived from the skin of the surgeon or his assistants 
may occasionally be responsible for infection of operation wounds It 
must be realised that the most thorough “ scrubbing up ” cannot 
render the hands completely sterile, that organisms lying withm the 
skin glands may be earned to tlie surface by perspiration during the 
course of the operation, and tliat such oiganisms may escape tlirough 
minute glove punctures or through the sleeves of the surgeon’s gown 
and thus contamuiate the wound In this connection it may be noted 
that unless particular care is taken, glove punctures occur m fixim 10% 
to 20% of operations Fortunately, in most cases the organisms 
derived from a surgeon’s hands are staphylococci of mild virulence, 
which readily succumb to tlie natural defence processes m the healing 
wound 

One of the most important sources of infection of operation wounds 
is the tliroat of the suigeon or his assistants Pathogenic streptococci 
hxmolytic and non hemolytic, are commonly present m the pharynx 
m a large proportion of persons and tlieir number and virulence are 
greatly increased in conditions of catarrh The possibility of infection 
from tlus source (sometimes by carriers ’ ), should be a reminder of 
the necessity for adequate safeguards against droplet infection in 
operation theatres 

The importance of air borne infections durmg operation was well 
recognized by Lister, and it was to guard against this danger that he 
introduced the antiseptic spray Later, as the incidence of the more 
virulent hospital infections diminished and the air of hospital wards 
and theatres became less subject to contammation, the need for air 
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slerilizatioQ becune less obnous and the carbolic spra\ was abandoned. 
Becenllv, attention has again been turned to the nsk of air borne 
sepsis, and such methods as idtra violet irradiation (Hart) or the use 
of fine antiseptic mists or aerosols (Pulvertaft) have been advocated 

SPECIAL TYPES OF WOlTfD LVFECTION 
Erysipdas 

This IS a rapidlv spreading non suppurative inflammation of the shm 
due to invasion bv haanolytic streptococci The streptococcus is not 
specific and does not difler m its morphological and cultural charac- 
teristics from other streptococci, eg, those responsible for puerperal 
sepsis It does, howeier, usuallv run true to type, and mai spread 
from case to case if strict p’ecautions are not observed 

The organisms gam access through a wound or abrasion, often so 
smaQ as to escape notice, and invade the lymphatics of the dermis In 
the great majontt of cases erysipelas affects the face or head It 
generallv origmates near the tnoutb or nose, and mav spread over the 
whole face and scalp, but does not usually m\ade the neck Occasion 
alh cnsipelas affects the trunk, the scrotum, or the limbs gaming 
access at a wound or at such an infected surface os a chronic leg ulcer 
The affected skin is smooth, tense end fiery red It k> hot to the 
touch and tender on pressure The spreading margin, wbch is irregular 
m ouUme is clearh delimited and presents a raised edge 3Iinute 
lesicles are often visible, especiaUv just behind the spreading edge, and 
the fluid thei contain teems with streptococci 

The inflamioatton tends to be arrested in parts where the skin is 
tigbtlv bound to underlvmg tissues In parts where the skm is loose, 
such as the eielids, much swelling develops as a result of cedema 

■Microscopically the conum is oedeinatous and infiltrated with 
mnuinerable polymorphs and wandenng cells, particularly those of 
mononuclear type Streptococci aboimd m the tissues and the lymph 
channels 

Erysipelas (if untreated) cootmues to spread for from three to ten 
da\-s and then terminates abmptli If uncomplicated, it is generalli 
not dangerous to life except in infants and in old or debilitated persons 
Immmnti following an attack is of short duration , recurrences of 
mfectinn. max lead, to cansidccahlft obbte^fctfwx of. tba by 

fibrosis resulting m a form of chronic erdema or elephantiasis 

tefluhhs 

This IS an acute diffuse inflammatori process affecting the subcutanc 
ous tissues and other las connective tissue planes It is characterized 
by extensive necrosis and sloughing of the tissues, with scant\ pus 
formation as a later and second^ feature The infecting organism is 
generallv the Streptococcus luemolyticus. less often the Staphylococcus 
The infection mas reach ttic subcutaneous tissues through a 
punctured wound or a comparaliveh small abrasion or pnek, or from 
a neglected sore The mflammation is often of sudden onset and spreads 
rspidli, and may be attended bj sesere toxsnua The affected part 
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comes red, brawny and tense, whilst acute lymphangitis may be 
licaled b} scarlet coloration and intense tenderness of the surround 
j skin, and by red lines outlining the course of the mam lymph a essels 
iding to the regional glands As the cellulitis progresses, tlie skin 
comes transparent and shmy, and eventually becomes discoloured and 
jarates, revealing grey necrotic sloughs beneath In severe cases 
ere may be massive necrosis amounting sometimes to gangrene of a 
rt 

If the infection is of virulent type the regional lymph glands are 
solved early and may suppurate, or localt^ abscesses may develop 
some pomt in the line of the lyunph v essels In sev ere cases septicaimia 
ij supervene 


Septicaemia and Pyaemia 

These two conditions are closely related and may be grouped 
der the term Septico py xmia In septic'cmi'i, organisms of the 
ogenic group invade the blood stream and produce toxins which 
.e rise to a characteristic illness It is probably not true to say that 
e organisms grow and multiply m tlie blood stream It seems more 
,ely that the organisms establish themselves m the capillaries and 
lusoids of the bone marrow, spleen and other tissues where they 
iltiply and are liberated afresh into the blood 

In pjtcmia, clumps of organisms or fragments of infected blood clot 
ter the blood stream from a suppurative focus and give rise to 
itastatic abscesses 

Septicxmia must be distinguished from bacteriemia or bacilliemia 
lese latter terms are simply used to denote the presence of organisms 

the blood A bactersemia may be transient and symptom free , a 
pticsemia is persistent and is associated vrith definite and often severe 
d continued intoxication 

Septiceeraia Septicfemia may ongmate from spread of the mfection 
)m an established suppurating focus or from a wound Sometimes 
e origm is obscure and a phaiyuigeal or intestinal mfection may be 
spected, or puerperal or post abortion sepsis 

Hffimolytic streptococci are responsible for over 50% of cases The 
namder ate caused by staphylococci pneumococci, and rarely E coli, 
pyocyaneus, or the meningococcus 

Streptococcal SepUcamta is a common comphcation of puerperal 
DSis, whilst another common cause is a punctured wound, often of 
V lal character, such as a pm prick One of the most fulmmatmg types 
septicjemia is apt to follow a prick with an infected needle or mstru 
int, sustained during a post mortem examination There ate all too 
iny eases on record m which such an apparently trifling accident has 
oved fatal within a few days 

The infection is characterized by severe toxiemia, with a high tem 
rature, rapid pulse and raised respiratory rate The parenchy matous 
lls of the viscera and the my ocardium sustain cloudy swelling and 
tty change, whilst m severe cases there are skm rashes and purpuric 
imorrhages Broncho pneumonia and neplintis are common, especi 
y m the terminal stages, wljiJst such complications as pleurisy, 
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steHbotioQ became Ifss obrious *nd the carbolic spray was abandoned. 
Hecentlv, attention again been turned to the nsh of air*bome 
sepns, and rach methods as ultra vjoUt irradiation (Hart) or the use 
of fine antiseptic mists or aerosol* (Pulretafl) bare been advocated. 

SPECIAL TYPES OF WOUND INTECTIOV 
En'sipelss 

This IS a lapidlv spreading non-snppurative infiammation of the slin 
due to invasion bj haemolytic streptococa The streptococcus t> not 
specific and docs not differ m its morphological and cultural charac* 
tcnstics from other streptococci, tg, those responsible for puerperal 
septis. It docs, however, usualh run tree to type, and ma\ spread 
from case to case if strict precautions are not observed. 

The organisms gain access through a wound or abrasion, often so 
small as to escape notice, and invade the lymphatics of the dermis, fri 
the great ma^ontj of cases ervstpelas affects the face or head. It 
generally onginates near the mouth or nose, and maj s pr ead over the 
who’s face and scalp, hut does not usually invade the Occasion 

ally erysipelas affects tjbe trunk, the «crotum, or the limbs, gaining 
access at a wound or at such an infected surface as a chronic leg ulcer 

The affected slaa is smooth, tense and fiery red. It is hot to the 
touch and tender on pressure. The spreading margin, which is irregular 
in outline, is clearh delinuted ard pte<«its a raided edge. Jfmutf 
vesicles ate often visible, e<peculh just behuid the spreading edge, an 
the fluid tlics contain teems with streptococci 

The laflaminatioa tends to be arrested in parts wliere the skin 
tightly bound to uaderlving tissues La parts where the slan is loc 
such as the eyelidi, much swelling develops as a result of cedema. 

Microscopieallj the conum is cedematous and infiltrated u 
innumerable polymorphs and wandering cells, parbcuiailj thiy'C 
tnoQonuclrsr type. Streptococci abound in the tissues and the I\i 
channels 

Erysipelas (if untreated) continues to spread for from three to 
dai-s and then terminates abnipUi. If uncomplicated, it is gci 
not dangerous to life, escept in infants and m old or debilitated pc 
Immunity folkiwing an attack is of short duration , recurrci 
infection ma\ lead, to cmsjibscdjjit oWiJ/nsiJijiin. ot thit vy.i 

fibrosis, resulting in a form of chronic adema or elephantiasis. 
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organism , but the danger of infected abrasions, •whitlows, and 
punctured wounds should be more fully realised lest timely prophylactic 
measures are neglected The spores are sometimes introduced with a 
foreign body such as a splinter of wood and may he dormant until 
disturbed by a subsequent operation Imperfectly prepared catgut 
has been responsible for tetanus after surgical operations In excep 
tional cases no portal of infection is discoacrable 

At the site of infection after an incubation period which may be as 
short as two, or as long os twenty one days a airulent toxin is liberated 
The period may be prolonged to eight or more weeks if antitetanic 
serum has been gi\en for prophylaxis The toxin reaches the nervous 
system bv the blood stream and along nerve trunks, and produces 
exaggerated refiex excitability withm the motor cells, which is evidenced 
first by sustained spasticity in the related muscle groups and afterwards 
(if at all) by their spasmodic paroxy smnl contraction hen the toxm 
reaches the nervous system it is at once fixed, and it cannot be detected 
in the ccrcbro spinal fluid Its effect seems to be purely physiologic 
because at death there arc no changes m the brain and cord , death is 
due to secondary effects such ns cardiac and respiratory failure, hyper 
pyrexia, exhaustion, and pneumonia 

The route by which the toxin reaches the nervous system has been 
the subject of a prolonged controversy and has invited much cxperi 
mental research In man it seems to be absorbed mainly by the blood 
because its earliest effects such as tnsmus, difficulty in swallowing and 
rigidity of the neck muscles emanate from centres winch could be 
involved only tlirough the circulation Transmission of toxm along 
axis cylinders of motor nerves, though it may occur m man, is more 
usual in animals , it leads to tonic contraction of muscles m proximity 
to the source of infection {local ietaiiwi) * which, ns the toxm diffuses 
may become more w idespread In man the so called cephalic tetanus 
which may complicate severe head wounds, probably owes its rapid 
onset, accompanied by convxilsions and paralysis of cranial nerves, to 
migration of toxm along nerve pathways 

The features and the sev erity of tetanus (if not modified by prophy 
lactic serum) are, inter aha, conditioned by the amount of toxm which 
reaches and may continue to reach the central nervous sy stem \\ hen 
only a small amount reaches the spina! cord there may be only local 
contraction of muscles m the region of the wound ^Mien larger 
quantities pervade the nervous centres there is sustamed generalized 
contraction of muscles, inv olving particularly the masseters, the muscles 
of the spine, chest, and abdomen and to a less extent the limbs , 
recurring reflex clonic contraction of the muscles may occur but it is 
usually slight and of short duration Silassive absorption of toxin 
causes a greater excitability attended by the classical reflex spasms 
brought on by the slightest stimulation In the severest cases they may 
be almost contmuous and lead to fatality from cardiac or respiratory 
failure often preceded by hyperpyTcxia {108’’-110’’) 

In tetanus it has been observed repeatedly that the intensity of the 

• The incubation period ma> beaslongastwo months, especiallyifprophylaction 
immunisation 2ias been earned out previously 
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(and its ou»co2i“) is dosov rdaled to its pmod of irseabsti*^ , 
th“ iscsbshon is creseJr pDpu.'t'onal lo tb» <cTe^ o' 

d-seas*;. UsuaBv, tro in cases with a sbcrt incnbstjicsi pcrod thsr- 
is aa earir onset of g-usaEzed resale spssns winch be*ol:e33s as over 
whrinmj tos«a-s. r^oca capa ^ es ge i* has b'’d fesand th^t when the 
cicahati'^ is ends- one we^ ita wav i* criikdo regardless o' treatmen* 

a\5 GAhGRESE Vi» ALLIED CiFEETIOVS 

Gss ganir*eas is tb^ laost < g »o o s coniphcatioo of wroads It has a 
fetal <ya*cQSj^ a aO^o «ses. 't-jse‘ ts sea'e and the infedjoa 
prO'~’ e s $ esr3p.Q]r LstsaUr the disease is c!aii*>c«*withm 24 to 4Sfcotas 
o' wtyandnsg tho-ri us eic^pboaal cases derc'ojK witlna a few 
botns:, aad vKijo-tiiMs i* fc. d^feved fo* six o* ewe dsvs. Wounds o' 
*beb3t*odtaadlowc‘nJiib are mere often alT'otcd ttan those elsewhere 
and the o^tcoro^ o' the dn^se at these «rtcs is tar^ grave- 

The o’gan-snis are anserob c «pcre-be3niig hscSIi of the Qo^dmm 
and are deired froa thi>‘ otestiaal tract of man and annr.aK. 
Tb" pstfcc’ogeal festares o' th* dsease are dse to the powc-ful touss 
podeced br tb- o-gac-sm and to their eostiaced in Jh^estioa acd 
rp * ea d Q the tissues especssBr mssdles 

In battle cascalbes gas garc*eae is iwre p^raleat la the irta*ec 
months and in hinhlv ^treated tezram than m the d'sert Soiled 
garmeols are pTibablr s freqncs' <onree of lafeetioa. In civil p'^etiee 
gas eaegren^ mav oPiapbca*e wounds centasunated with da* 

mas-ae and fonkd cloth-ng 

Geserallv «eTeral vanebes of ekstnd-a are responsible for Ih^ disease, 
thoogh cccas’oaaBv oalv s smsfe specas, CL =firfe*ri mav be 
P'tsea*’ Th- chief «peesescaass5^ toxnasa are CL sfriein CLsep'ieur' 
aad Ct es^^we^lefJt the Erst two are !ocaDvd?stn-rtire C7 tz^md en* 
faasalo:^ermmh3fa«iperod(2to5d3V?) ts less inrasiTe ba*- peodnees 
a verv powerful toxin. In add.t:oD the wonnd mav coata-a le» pstbo- 
geme dostncLa such as Cl zpcn-^'nes CL Uriiuriy CL tifemedmt 
and O fcHaz When CL htTUji>t*icun ts present in mixed infection th^ 
d.sease is slnK»ft invanablv fetaL Coacomitaa* mfection of the wound 
with aetob c c^arussis such as ^trep’ococci, staphvlococa, peendoraonas 
proevanea and coUfo*iii bacte^a is usual and mav add to the gran’v 

PredispcBii^ Factors. It is verv Eapo»t3at to app'coate that 
dos*Tidia are feeffuesitlr proect m wo*-nds vet do cot give rise lo gas 
gangrene The local fec1o*s m a wound which favour its occurrence 
are cot fuUv cndas*ood. The chief known and suspected predisposing 
fecte-s are — 

(1) Ina d e quate drainage c- exosioa of deep penetrating wousA> 

(^) Involvement of muscle. 

(3) The presence of fomign bodies d*ntalizcd tissue, coD-c^ion 
of bleed dot 

(4) Impairment of the circulation of the part, bv damage to blood 
vessels or bv coastnc»ioa in tight ha'-dages or plaste- o' Pans. 

(5) The p-eseac* of so'uVe calcram, den«d, fo- eiampV, from 
higdv fertaiedsoIL 

\ 
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Biological Properties of the Organisms It is known that the 
special cliaractcrs of gas gangrene depend upon the biological properties 
of the organisms concerned All the organisms possess, in various 
degrees, the property of breaking down sugars and proteins, both of 
which arc present m muscle Someof the organisms, notably Cl tcekhit, 
are strongly saccharoljtic, and these appear to play the dominant part m 
the infective process. Others, particularly Cl sporogenes, are strongly 
proteolj tic, and their effect appears to be mainly synergic Incidentally 
the proteoljtic organisms are responsible for the gross putrefactive 
clianges in the gangrenous part, and for the production of the peculiarly 
offensive gases 

In typical examples of gas gangrene due to Cl uelchu and Cl 
sporogenes, it appears that Cl, •aelchtt initiates the process and proliferates 
more rapidly It generates powerful toxins which spread rapidly in 
the long axis of the muscle and kill the muscle cells, and since the toxins 
are strongly lisemolj tic the muscle becomes stained by liberated blood 
pigment, and assumes a characteristic brick red colour In virtue 
of its saccharolj tic properties the organism ferments the glycogen 
products, glucose and 
maltose, with the forma 
tion of acids and gases 
(carbon dioxide and 
hydrogen) This early 
rapid growth of Cf tcelchtt 
IS succeeded by the 
more gradual develop 
ment of the proteolytic 
oiganism Cl sporogenes 
The muscle m the 
neighbourhood of the 
wound, and later more 
distantly, undergoes 
putrefaction and becomes 
soft and diffluent, vnth 
the production of various 
organic alkalis and 
hydrogen sulphide and 
other noxious gases As 
a result of combination 
of hydrogen sulphide with 
the iron set free from the 
blood by hffimolysis, the affected muscle acquires an olive green colour, 
and finally becomes black 

It IS interestmg to note that the acid produced by saccharolytic 
orgamsms such as Cl tcelchn tends to inhibit the growth of the organisms 
tn mtro, but m wounds the acid is partly lost in the profuse discharge, 
and partly neutralized by inflam^toty exudate, by calcium salts, 
and by the alkalme products of the proteolytic organisms 

Types of Gas Gangrene The onset and progress of gas gangrene 
vary greatly m different subjects The infection is sometimes 



Pic 5 Gas gaagrene Transverse section of a 
muscle at no early stage in the disease The 
muscle fibres are separated by Quid exudate A 
few polymorph leucocytes are present. 
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fulminating and gas formatitm may be apparent witbm a few Lours 
of the injur% In such cases the disease spreads rapidlr, to'^mia is 
profound and a fatal issue not long delajed TLis/t/lminalin* 
common in war wounds of the thigh is apt to occur when the 
Wood suppl% of a ««s\deiahle part of a. limh \s wnpaiced. In less 
fulmmating but nevertheless extensile infection, the gas formation 
mai not be noticeable for 24 to 48 hours and then toxsmia is rather 
less rapid m deielopment In this tvpe several muscles or even the 
whole limb mai be affected (masrire ii/pe) In the less virulent forms 
ofgasgangrene seen more often in civd practice the infection is limited 
at hrst to a single muscle or a single group of muscles and these maj 
become gangrenous from end to end although neighbourmg muscles 
remain untoucli^ (group 
less commonlj, 
^ there is no mvohement 

of muscle, and the infec- 
tion IS limited to the sub- 
cutaneous tissues and 

l/Jr s\ fascial spaces 

The Pathological 
/ "fOS Changes At first the 

ailected wound lias usually 
1 ° surface later there 

W times sanjous) containing 

AV droplets gas bubbles 

\ ^ etpressed from it 

"Organisms abound but 
leucocytes are scanty or 
absent The wound at 
first emits a characteristic 
Fio, C Gas ganjpcne Transverse section of a rwfnitr Tn th#* final 

iDiBcIe *t a late stage in the disease The OOOUT In tlje final 

muscle fibres are swollen and stmctoreless and Stages the exudate is 

many of tl«in bavt uodersooc disintegration, copious dark ja colour 

oKtMT, The sm 

rounding skm mas be healthy or show mottimg or greenish \eUow 
patches in which large blebs mav form. In an affected muscle the first 
recognizable change is a loss of contractiljti Thea the healthy colour 
IS lost and gives place to a brick red discoloration. Later the muscle 
becomes yellow and friable and crepitates with gas bubbles, which 
are obnous at an earlv stage in "k tav films Eventualls it becomes 
soft and diffluent and its colour turns to oh\ e green and finallt black 
It IS noteworthy that the usual signs of mflammation and suppuration 
are absent 




The gas dey elops with great rapidity , and bubbles rise continually 
mto the wound kt first the gas is odourless, and, from its content of 
hydrogen, is combustible Later hydn^en sulphide and the other 
products of proteolysis give it a characteristic odour TJie yvound 
exudes thin blood stained fluid 

Prom the region of the wound the infection spreads in the long 
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axis of the muscle to its extremities but fora considerable time extension 
m other directions is limited b) the muscle sheath E\entuall> this 
IS perforated usually alongside the nutrient vessels of the muscle, and 
the infection ma> then spread to other parts of the limb 

Microscopicallj the first change apparent, near the spreading edge of 
the infected area is that the muscle fibres are separated from their 
sheaths b> an accumulation of fluid This fluid is highly toxic, and bj 
infiltrating in the long axis of the muscle and de\italizing the 
fibres it facilitates the spread of the infecting organisms Tlie muscle 
fibres, surrounded bj the fluid, lose their striations and stain more 
deeply tvith eosiii Later the nuclei of the sarcolemma disappear 
and the whole fibre becomes necrotic At a comparati\ elj early 
stage the organisms arc confined pnncipally to the fibrous tissue 
reticulum of the muscle where thej occur m large numbers Later thej 
iniadc the whole muscle 

Constitutional Effects The constitutional effects of gas gangrene 
result principally from the liberation of exotoxms, and only in the 
late stages do the organisms in\ade the blood stream The toxins 
are principally hicmolytic and cause extreme an-emia with slight 
icterus Extreme degenerate c changes occur m the liver kidneys 
and other parenchymatous organs The liver may be infected m the 
terminal stages and becomes the seat of necrosis and gas formation 
(foamy li\er) Tlie adrenal glands undergo degeneratiae changes, and 
adrenalin disappears completely from the medulla 

Anaerobic Streptococcal Cellubtis and Myositis 

^^a^ experience brought to light an unusual but characteristic 
infection of the subcutaneous tissues and muscles caused by anaerobic 
streptococci with which are associated ordinary pyogenic organisms 
It resembles gas gangrene, but differs from it in seaeral important 
respects It deaelops insidiously after on incubation period of 3 
to 4 days a\ith only mild systemic upset In the wound there 
is usually a copious exudate and gas formation extending diffusely 
between muscle and fascial layers Tlie affected muscle is at first pale 
and boggy , next bright red and finally dark purple It retains its 
contractile power The skm usually shows intense erythema Tlie 
odour of the wound is less sweet and not so pungent as in clostridial 
infection It is important to differentiate this type of wound infection 
bacteriologically from true gas gangrene because it is more likely to be 
survived and more conservative measures suffice for its relief 

Progressive Post-Operative Gangrene of the Skin 

An intractable form of infective gangrene of the skm and sub- 
cutaneous tissues mav on rare occasions follow upon infected wounds 
It has occurred most often soon after drainage of an appendix abscess 
or empyema The gangrene appears several days or even a few weeks 
after operation It involves the superficial tissues only and spreads 
slowly and progressively until very extensive areas are affected 
At the spreading margin the tissues ate raised, cedematous and under 
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mined and extremeh tender There is usual!} moderate constitutional 
disturbance. 

The bactcnologieal investigations of this form of gangrene suggest 
that it raav be due to combmed aclivits of a micro ajrophihc strcpto 
coccus (a t^-pe common in the intestme and in lung abscess) and a 
staph\ lococcus m the skin Fortunateh these organisms usual!} 
respond to chemotherapj ^hicK has replaced the crude surgical 
measures formerl\ adi-ocafed 
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CHAPTER III 

CONSTITUTIONAL EFFECTS OF INJURY 

This title mclutlcs hxmorrhagc and burning as well as the condition 
known as traumatic shock, and in addition the special complication 
knoivn as tlie crusli sjTidrome 

It IS now established that luemorrhage, burns and “shock” ha\e 
many effects in common and they may con\ eniently be studied together 
Each IS associated with a circulatory disturbance, so it will be of 
advantage first to review some of the more important factors concerned 
m maintaining the circulation 

The Mechanism of the Circulation The circulatory system comprises 
the heart, the vascular bed (arteries, capillaries, ^ems) and the circu 
lating fluid In the traumatic disorders under discussion the heart’s 
action is not impaired primarily, and indeed may be augmented to 
compensate for other defects As a secondary dea elopment, however, 
the action of the heart may suffer, as a result either of anoxia or, when 
the lenous return is insuflicient, of impaired fillmg 

The artcncs and veins also are not affected primarily, except perhaps 
m the acute reflex v asodilatation of syncope or “ primary shock,” and 
indeed m most traumatic circulatory disorders constriction of the 
arteries and veins goes a long way to compensate for the primary 
defect 

The capillaries, on the other hand, are affected very greatly The 
capillaries, individually so minute, together form a network of vast 
potential extent Normally only a small proportion of them are in 
active use and the remainder are contracted and empty 

Following trauma, the capillanes of the injured part are paralysed 
and dilate, while there may be a generalized capillary dilatation from 
anoxia or perhiips as a residt of the absorption of depressor substances 
Thus there results a disparity between the capacity of the vascular 
pathway and the volume of the fluid m circulation — a disparity increased 
by lijcmorrhage or exudation of fluid into the tissues It is this disparity 
which provides the key to the circulatory disturbance under considera 
tion 

The Capillary Fluid Balance The fluid content of the body comprises 
the intravascular fluid (blood plasma), the interstitial or tissue fluid 
and the mtracellular fluid The volume of mtracellular fluid is almost 
eonst-int, for alterations outside a narrow range are incompatible with 
life The mtravasciilar and interstitial fluids, on the other hand, vary 
greatly in volume Interchange of fluid between the blood and tissue 
spaces takes place at the semi permeable wall of the capillaries and is 
dependent on the following physical factors — 

(1) The Captllary HydroslaUc Pressure This, the “ blood pressure ” 
within the capillaries, is greatest at the arterial end and diminishes 
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to^rards th£ venous end* It varies in different capillaries and at different 
times, and also depends npoa the levd of the capniary relative to ihe 
heart, but in gener^ it is of the ord» of 30 mm. Hg. at the arterial end , 
fallen to about 20 mm. at the venous end. Its effect is to force fluid 
out of the capillaries. 

(2) The Omciic Pressure. The osmotic jnessure exerted by tlie 
plasma proteins b roughly 26 mm. Hg. Against thb there b the 
osmotic pressure exerted by the colloids of the tissue fluids, amounting 
to about 4 mm Hg. Thus on balance there b 3 pressure of about 
22 r^TTi TTg , having the effect of dramng fluid into the capillaries. 

(3) The Tissue Pressure. Thb depends upon sudi factors as the 
filtration rate, the rate of lymph Cow and the elasticity of the tissues. 
It amounts to a [ i r tssur e of about 1-3 mm. Hg*, tending to force fluid 
from the tissues into the cajnllaries. 

Thus it wifl be seen that at the arterial end of the capSlary the 
hydrostatic pressure exceeds the sum of the osmotic and tissue pressures, 
hence fluid exudes from the vessel ; whereas at the venous end the 
position is reversed and some of the flnid is reabsorbed (the remamda* 
draining into lymphatic channels). Following injury this meidianistD is 
upset and. according to the nature and extent of the injurj*, water 
(crjTtaDoid solution), plasma or whole blood may escape into the tissues 
and stagnate there. 

Fluid Loss 

In different forms of injury ilw body may sustain an acute loss of 
water or plasma or blood. If the volume of cirmbtcey fluid b sufil- 
dently reduced a sequence of caculatory changes wiD occur mdepen- 
dcntly of the character of the fluid loss. Thb sequence of changes 
win be considered Uter ; first the differences dependii^ on the character 
of tl^ lost fluid will be studied. 

Driiydzation, Debydration, by which b implied loss of either 
water or salt solution, b co mm on in severe vomiting or diarrhcca or as a 
result of 3 combination of dimimsbed fluid mtate with loss by sweating 
or fistulous discharge. 

In dehydration the blood undergoes concentration, as indicated 
by increase in the red ceQ count, faxmoglobia index and hsmatocrit 
ratio. Jloreovcr, the plasma protein content also rises, and in 
consequence the capiUarr osnwtic pressure b raised and water is 
drawn from the tissues into the blood stream. 

The transfer of metabolites between the blood and the bodv 
is unpaired and this causes anoxia. It thus seriouslv impairs the 
nutrition of such important tbsocs as the heart inusde, liver, fcidnevs 
and skeletal muscles. The rfuiages differ somewhat according as the 
loss affects mainly water or mainly salt. In pure zraSer depieiion, such 
as results from dysphegi3 or from shortage of drinking wafer, the 
plasma and the tissue fluids become hj-perlonic and the urinarr 
creretwn fafls. Thb does little harm (unless the loss b extreme) 
provided that the kidneys are healthy, for half a litre of urine then 
suffices to excrete the waste products ; but if the kidnevs are damaged 
urwmia wfll result. 
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naler and salt depletton is the most common clinical for 
example in pj lone stenosis, m intestinal obstruction, duodenal fistula 
and severe diarrhoea In addition to the features mentioned above 
there may be a disturbance of the acid base metabolism In vomiting, 
where the loss prmcipallj concerns the chloride iron, alkalosis is apt to 
develop, in diarrhcca on the other Iiand, where sodium is lost in 
excess, there is a risk of acidosis 

Pure salt depletion occurs in diseases such as those mentioned above 
if the loss of water is made good, but insuflicicnt salt is administered 
It IS important to recognize that if the loss has been great a salt deficit 
may persist even after the administration of several pints of phjsio 
logical saline Under such circumstances tlie clinical evidence of 
dehydration maj seem puzzling but the true state of affairs can readily 
be recognized on estimation of the urinary chlorides 

Loss of Plasma Certain forms of injury, particularly burns, are 
characterised by loss of plasma from the circulating fluid Tlie blood 
is thus deprived of proteins and fluid while the cellular elements are 
retamed Examination of the blood therefore shows an increase in the 
red cell count, haimoglobm index and lucmatocrit ratio, but a reduction 
in protem content Tius latter feature is of great importance, for as 
the capillary osmotic pressure is reduced no fluid can be withdrawn 
from the tissues to make up the v olumc of blood m circulation Indeed 
unless the protein content is soon restored by mobilizing reserves the 
fluid shift will be m the opposite direction and cedema will result with 
further reduction m the volume of the blood in circulation 

In plasma loss as m simple dehydration onoxia and acidosis will 
'iggrav ate the disorder while m addition the great hiemoconeentration 
by mcreasing tlie viscosity of the blood will further impede tlie 
circulation 

Haemorrhage When bleeding occurs rapidly and is copious the 
sudden acute loss of fluid from the circulation causes a sudden fall of 
blood pressure, wluch may be manifest m syncope or fainting Very 
quickly, however, a compensatory mechanism is brought into action, 
which effects first (and almost immediately ) a reduction m the capacity 
of the vasfular bed and sfcnndJ^ /and xanre slowly. a xestnration of the 
blood volume 

The reduction in capacity of the vascular bed is effected by \ aso 
constriction brought about by increased activity of the vasomotor 
centre, resulting from the fall in venous pressure and diminution in the 
depressor stimuli originating in tlie aortic and carotid sinuses At the 
same time the heart rate is increased and its output thus somev,hat 
augmented 

The restoration of blood volume is effected mamly by withdrawal 
of flmd from the tissues (a consequence of the fall of capillary hydro 
static pressure) and to a small extent by contraction of the spleen 
Tlus fluid replacement begms very soon after the hTmorrhage, but 
complete restoration of the blood volume takes many hours, or even 
days according to the amount of fluid available m the tissues or made 
av ailable by timely admmistration 

This fluid readjustment lias important secondary effects on the 
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composition of the blood. At first examination of the blood shows no 
departure frotn the normal, bat soon there is evidence of dilation, as 
seen m diminution in. the red cell count, haemoglobin mdex and hxmato- 
cnt ratio Smce full restoration of Tolume is slow, these estimations do 
not at first provide an acc ura te index of the amount of blood lost. 
There is also dimmntion m the protein content of the plasma, and if 
this is not rectified soon it will give nse to cedema 

In hjemotthage, cnllLe simple dehydration and plasma loss, there 
IS the additional factor of red cell loss, which by impairing oxjgen 
transport increases the tissue anoxia. Since red cells are replaced slowl\ 
and hsanoglobin still more slowly the anoxia persists This leads, m 
parbcular, to prolonged musde weakness and especially to weakness 
of the mvocardium. 

Late Effects of Fluid Loss. Whatever the character of the fluid 
lost, unless the los b rapidly made good there develops a sequence of 
events which tends to maintain and may increase the cmnilatorA 
embarrassment This sequence has been called the death cycle 
(ildJowall) 

The sequence is somewhat as follows. The reduction m volume of 
the eircubtory fluid unless completely compensated by vasoconstriction 
leads to a fall of blood pressure and rcduc^ blood flow. Consequently 
the venous return is i^aced. cardiac filling is impaired, the heart, 
desp.te an increase m its rate, &ils to maintam its output, and the 
blo^ p je ssur e is further reduc^ 

In addition to this simple sequence there are several collateral 
developments which influence the ** death cycle.” The fiictor of 
mcrea^ viscosity of the blood has already bwn mentioned. Other 
factors are consequences of anoxia, whic^ may be due partiv (m 
hirmoirhage) to la^ of hMnoglobm, partly to slowmg of the blood flow 
and partly to deprivation of tissue fluids Thus anoxia damages the 
myocardium. It also weakens the skeletal muscles — the second heart — 
and they fail to pump blood back along the veins ^lost important of 
all, it impairs the nutrition of the capillary endolhelmm, increases its 
permeability and promotes the escape of fluid from the vessels. 

Traozoatic Shock 

The term ” shock ” has been applied to a wide variety of chnieal 
vs/i vacise. basis ^ , 'tsA. 

m favoor of discarding iL In this clapter the term is used merely as a 
comcment expression of the circulatory disorder resulting from injury. 

In a typical case following a severe injury , the rlmTral progress is 
somewhat as foDows Imirediately alterthemjurythepatientcollapses 
and may famt. This is the state of so-caUed pnmary shock. AItla>ugh 
mtense, this phase of conapise is not long sustained^ and after a short 
tnne It may pass oS completely Later, generally withm a few hoars, 
signs of circulatory impairmeot reappear, the so-called secondary 
shock. This phase appears msidiously and if unchecked tends to 
progress and may prove fetaL At first the clinical signs are not definite. 
The pat’cnt is iBnaHy pals and limp and the pulse rate is somewhat 
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later, when the compensatory mechanism begins to fail, do the classical 
signs of “ shock ” appear 

It IS non generally established that the earl} phase of syncope is 
the result of widespread ^Tisoddatation, affecting both arteries and 
veins, with sudden fall of blood pressure This \asodiIatation is 
believed to be due to temporary paralysis of the vasomotor centre 
which IS bombarded by painful and other afferent stimuli from the 
injured part, and perhaps also by stimuli from the higher centres 

The nature of the secondary circulatory disturbance has been the 
subject of numerous theories It is accepted beyond all reasonable 
doubt that there is no primary heart failure (indeed the heart responds 
by mcreasing its rate and output) and no failure of the vasomotor 
centre (for compensatory arterial and venous constriction are obvious 
features) and that the primary and principal factor is disparity between 
the volume of blood m circulation and the capacity of the capillary 
network It is accepted also that in the later stages the progress of the 
circulatory failure is along the lines described above as the ‘ death 
c} cle ” The mam field for controv ersy is as to the cause of the disparity 
between the blood and the v iscular bed As to this, the vieirs held most 
widely at the present time may be summarised as follows — 

(1) Nerve Slimulalton Wq have seen that m the initial phase of 
syncope following an injury it is generally agreed that there is a transient 
paralysis of the vasomotor centre as a result of bombardment by 
afferent stimuli originating in the injured part In the past, many 
■workers have suggested that the later circulatory collapse has a similar 
origin, the result perhaps of sy*mpathctic inlubition or perhaps of 
excessive secretion of adrenalin It has, however, been shown that 
even when the state of ** shock ” is severe both arteries and veins are 
m a state of activ e constriction, from wluch it would appear bey ond 
dispute that the vasomotor centre remains mtact 

(2) Depressor Substances Cannon and Bayliss m experimental work 
on cats in which shock was produced by heavy trauma applied to the 
thigh found that the shock could be prevented by clamping the iliac 
vessels during the experiments but appeared after the clamps were 
released From this they assumed that the circulatory collapse was 
due to the absorption of a toxic or depressor substance from the injured 
part A few } ears later it was shown by Dale and Laidla’n that wide- 
spread capillary paralysis could be produced by injection of histamine, 
and thus arose the conception of shock as due to absorption of histamine 
like products from the damaged tissues Later work, however, failed 
to confirm this hypothesis, for it was sho'wn on the one hand that 
histamine shock is different m many respects from traumatic shock, 
and on the other hand that the histamme like substances produced m 
an injured limb are insufiicient m amount to account for the collapse 
which may result Literest in depressor substances as a cause of shock 
has however been renewed recently by the discovery that a substance 
obtained from crushed muscle possibly adenosine triphosphate, is 
capable of producing a shock like state Such a factor may possibly 
explain why severe crush injuries of heavy muscles are particularly 
prone to shock 
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(3) Local Fluid Loss jUler a severe injurj the loss of blood bj 
e\traMsation into the injured part may be considerable In addition 
blood sta^ates m the dilated capillaries of the part and, since the 
pernieabiht} of the capillary endothelium is increased plasma escapes 
from the blood stream into the tissue spaces Earlier uoiKers, while 
recognizing the existence ot this local fluid loss, considered tluit it was 
not sufdcient to account for the circulatorj disturbance According to 
Blalock and Ins colleagues houerer, the extent of the loss is greater 
than had been supposed From experiments in cats m uhich, after 
traumatisation of one thigh, the weight of the injured limb ims compared 
with that of its fellow, he concluded tliat as much os half the total 
\olume of blood in circulation maj be lost m tins waj, an amount 
entirely sufficient to account for a severe degree of shock 

In man it is unfortimitely not possible to assess the volume of fluid 
lost into the injured part In bums, where a large amount of fluid 
exudes at the surface in addition to that which accumulates m the 
tissues round and deep to the bum it seems probable that this factor 
alone maj be held responsible In other tj^ies of injiirj the evidence is 
less convincing 

Whatever the nvture of the primary factor m sliock, clinical and 
experimental investigations m recent years have established many data 
of importance m relation to treatment, especially m relation to the 
three principal methods of treatment, rest, warmth and the ndmini 
stratioQ of fluids It is now reahzed that '* rest * should imply strict 
immobility, for in the gravely injured patient even slight movements 
such as turning on one side gravely upset the blood pressure The usual 
routine on admission to hospital of undressing and thorough cleansing 
may on occasions be fraught with danger 

The application of heat, formerly a cardinal principle of treatment, 
has also been shown recently to be dangerous jf carried to excess The 
blood V essels of the skin constitute a large part of the total vascular 
bed In severe shock the skin capdlanes ore shut down — Whence the 
characteristic pallor and coldness — and this should he regarded as a 
compensatory meclianism The first effect of heat is to dilate these 
vessels and thus to increase tlic disparity between the blood volume 
and the capacity of the bed Even m health, heat applied by a shock 
cradle ’ for half an hour has been shown to bring about n notable 
reduction in the blood pTcsnire 

Fluids may be beneficial or harmful according to their composition 
and rate of injection The aim must always be to rephcc the type of 
fluid lost — blood plasma, saline solution or water as the case may be — 
but tno special factors must alnays be borne in mind First, it must be 
remembered that cnpillary permeability is impaired m the injured part 
and also perhaps throughout the wlvole body, and in consequence 
crystalloid solutions given intravenously will quickly leave the circuln 
tion "Moreov er, since a certain amount of protein is carried out too the 
osmotic pressure is reduced and more fluid is lost into the tissues 
Secondly, it must be remcmKred tliat while m the early stages it is 
desirable to replace the lost fluids rapidly, in the later stages rapid 
injection may be dangerous for jf the venous pressure is raised too 
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quiclvlj the heart muscle, impaired as a r^ult of anoxia, niaj be o\er- 
taxed 


Bums 

Bums or scalds differ from other forms of phjsical trauma in that 
the% affect primarily one of the most \ oscular and richlj innenated 
tissues of the bod\ , thej arc usually extensive, and thej ore alwaj s 
prone to infection It is not surprising, therefore, that tlie circulatory 
disturbance caused b> bums differs in many features from tint due to 
other injuries 

Immediatelj after burning there ma\ occur a transient phase of 
collapse similar to the “ primary shock ” wluch follon-s other tjqies of 
mjurj , and probably due similarly to reflex vasomotor paralj sis 

The most characteristic pliasc occurs some^^llat later, hoive\er, 
and becomes progressnely ^orse during the succeeding two or tliree 
daj s This pliase, the so*called toxaemia of bums, has been attributed 
bj different -workers to a \ anct\ of causes, including suprarenal exhaus 
tion, ele^atlon of the blood potassium le\el, absorption of autoljtic 
products from the burnt tissues, and sepsis ^Vhilc the last two cannot 
be ruled out altogether — and indeed sepsis undoubted!} plaj's a part 
in some cases, though usually at a somewhat later stage— there is 
convmcing e\ idence that the mam factor concerned is loss of plasma 

Tlus loss of plasma results from increased capillary permeability 
m the a icmilj of the bum , some of the fluid accumulates in the tissue 
adjacent to the burn aviufc there is a copious outpouring into blisters 
and as an exudation from the surface It has been shown in animals 
tliat when the bum is extensive the fluid loss ma\ amount to C0% or 
more of the plasma aolumc 

The blood changes follow naturall} There is marked luemo 
concentration, that is concentration of the blood cells as estimated 
b} the red cell count, hiemoglobin index or b'cmatocrit ratio The 
protem content falls, and despite rapid mobilization from reserves 
may remain jiersistentlj below tlie normal In some cases the reduction 
in blood protein is sufficient to induce generalized cedema The potas 
sitim oS the ma} he raaet ^ , tis sigruTicaace is RiiHeT 

stood 

While the importance of plasma loss is well established, it may not 
be the sole cause of the toxaemia of bums Of other possible factors, 
the absorption of bacterial toxins is one of the most important The 
risk of infection of a burnt surface is obviously ^e^^ great , indeed it is 
almost anable, despite the utmost care in treatment Robablj in 
most cases toxsemia resulting from infection assumes serious proportions 
at a somenhat later stage, te, two or tliree days after the injurj, 
though excepbona)!} there is evidence to suggest that it may be a 
factor within 24 hours 

Still later in the course of a bum — usually after two or three eeks — 
a further constitutional upset occurs characterized bj hvpoproteinieinia 
and deficienc} of hiemoglobm It is especmllj apt to liappen m an 
extensi\ e bum While it m part may be due to prolonged infection, its 
causation is not fully established It is important not only for its 
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constitutional effects but also as a cause of dela> m the healing of the 
bum 


The Crush Syndrome 

This sjTidrome is characterized bj renal failure de\ eloping as a 
complication of a crush injurj to a limb It is especiallj apt to occur 
when a Ivmb has been pinned under felling masonry for several hours 
The renal damage develops 24 48 hours after the onset of the injury 
The urine is diminished in quantity, highly acid and excessively dilute, 
and contains pigmented casts and granular debris consisting mainly of 
myohaemoglobm derived from the damaged muscles Azoticmia and 
acidosis ensue, complete anuria may supervene and death occurs 
commonly about the seventh day 

The changes m the crashed Imvb are characteristic Tlie limb is 
swollen, hard and paralysed Arterial pulsation is absent at first, but 
may return, and as the circulation is re-establislicd crops of blisters 
appear Isecrosis of the muscles is a prominent feature 

In the kidneys the microscopic appearance is that of au acute 
tubular nepliritis, with selective changes in the ascending limb of Henie 
and the second convoluted tubule Brown casts of myohasmoglobm are 
seen within the lumen It has been suggested that the level of the lesion 
is determined by the acidification of the urine which takes place at this 
segment of the nephron 

The cause of the renal damage is not clear Originally it was 
attributed to blockage of the tubules by inyohxmoglobtn but the 
microscopic feature of massive tubularnecrosis and the dilute character 
of the urine are not to be explained on this simple liypothcsis It seems 
possible that ischsnua due to reflex spasm of the renal vessels such 
as has been shown by Trueta, Barclay and their colleagues to follow 
evperimental application of a tourniquet to the low er limb, may play a 
part 

As a result of the renal damage, changes occur in the chemistry of 
the urine and blood The urine is greatly dimimshed m quantity, is 
highly acid, and contains albumen and blood Myohicmoglobin may 
be found within a few liours after release of the trapped limb The 
blood urea and also the blood potassium rise steeply The blood pressure 
is raised Death from renal failure may occur with great suddenness 
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CHAPTER IV 
TUBERCULOSIS 

TubercuI/Osis is one of the most widely distributed of all human 
diseases All races are liable to infection and few escape In 
Scotland the death rate liad shown an accelerated decline during the 
last few decades but m spite of immense improvements m preventive 
measures and treatment it is still about 77 per hundred thousand of the 
population , so that tuberculosis maj be classed with v enereal disease 
and cancer as one of the most important scourges affecting mankind 

Although tuberculosis m general comes within the domain of the 
phjsician, manj of its local manifestations are at present regarded ns 
withm the scope of surgery In the surgery of adults, tuberculosis 
of the lungs, the intestines, and the kidney and genital tract takes an 
important place , and in the surgery of children, tuberculosis of lymph 
glands bones joints the peritoneum and meninges have a high 
incidence It is thus evident that a knowledge of the pathological 
background of the disease is of importance to ever> surgeon 

Frequency Tlie most accurate method of assessing the true 
incidence of tuberculosis is by routine post mortem examination 
This has been earned out by many workers in difierent parts of the 
world, and the recorded results arc very instructive Naegeli (Zuricli) 
found that 71% of 500 bodies of all ages were tuberculous, and that 
amongst adults over 18 years of age 98% were definitely infected 
Reinhart (Berne) recorded similar findmgs in a series of 860 coses 
In Edinburgh, Todd, who conducted a thorough exammation of 40 1 
bodies found that death was due to tuberculosis in 18, and that in 
68 9% of the remaining 38C, there were signs of tuberculous infection. 
In the Royal Hospital for Sick Children jn Edinburgh (cliildren under 
12 years) Agnes "Maegregor found in 1,127 autopsies {from 1922 to 
1929) tliat tuberculosis, ui some fonn, was present in 22% of cases, 
and that in no less than 18% it bad been the cause of death 

Tuberculosis is a disease influenced notably by racial and economic 
faiAnrs, biiA Wiese figures, w\ii<?ki are Irom unselecteA communities in 
populous areas indicate that the majority of adults and manv cliildren 
manifest some cv idence of tuberculous infection, and tlmt tlie lesion 
may be quiescent or progressive ..Jlie figures from children’s hospitals 
show how frequently mfec^loiToccurs in early life This is of import 
ance, because it is geJierally believed that the majority of people 
acquire a tuberculous fijciis (become lubeiculaiized) before adult life, 
a belief substantiated^moreover bv the observation that the Afantoux 
skin reaction is positi.e in 50% of children under 12 years of age, m 
over 70% at 20 years'^ The prunary lesion may either heal or form a 
focal point for extension of tuberculosis either immediately or much 
later Although the inAal or primary infection (usually m the lungs) 
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maj be the starting point of progressive tuberculosis, more often active 
disease is the outcome of a fresh infection 

Resistance to Tuberculosis Resistance to tuberculosis vanes in 
different rices, at different ages, and from time to time m the same 
individual Usually infection acquired in the first two jears of life 
IS ripidly fatal from progressive lesions, an observation which 
emphasizes the importance of protecting young children from sources 
of missive or continuous infection After the age of three years 
tuberculous infection, though more likely to be progressive than in 
older children, maj remain quiescent or may even become arrested 
In most civilized races there is a high resistance to tuberculosis, the 
result of progressive immunization during many generations, but in 
isolated communities, not previously immunized, the resistance is 
lacking 'When members of such communities are subjected to 
infection they show an extreme susceptibilitj to disease, v\ Inch maj then 
take an epidemic form of great virulence striking examples of 

this are prov ided hj the behav lour of newl> introduced tuberculous 
infection in communities in Africa, India, and elsewhere The lungs 
are usuallj affected bj a rapidly progressive pneumonial form of 
disease, which mav assume an almost epidemic character The death 
pate IS about twenty times that present in peoples long protected by 
mild but continued exposure 

Infection ear!) tn life seems to have a partial immunizing effect, 
though it IS insufficient to afford protection against massive super 
imposed infection m later life Those special]} susceptible to acute 
tuberculosis are }oung adults as vet unexposed to gross infection, and 
m whom the "Mantoux skin reaction is negative It is in such a group 
of subjects that protective immunization has been attempted and its 
need is obvious m such indiv idunls as children of tuberculous parents 
nurses and students m sanatoria, etc Some degree of protection can 
be afforded by vaccination with living but avirulent and attenuated 
strains of bovine bacilli (B bili^ Calmette Guerin , BCG) The 
practice long in v ogue on the Continent and in Canada is to be adopted 
m Britain 

Heredity and Tuberculosis Congenital tuberculosis, the result of 
Irmsplacental infection, is of great rarity Recent observations have 
shown that m such cases the maternal uterus has been the seat of 
tuberculosis 

Statistical evidence is very conflicting in regard to the extent to 
w Inch there is a specific hereditary predisposition to tuberculosis The 
hereditary factor is important to the extent (as in other diseases) that 
some families hav e more than others tissues favourable for the survival 
of tubercle bacilli Variation m susceptibility is dependent more on 
V ariation m environment than on specific susceptibility 

Types of Infection There are two common types of-.tubercle 
bacillus, the human tjqie and the bovine type The two are similar m 
appearance, and they can onlj be differentiated by culture or by animal 
inoculation W hen cultured on glycerine egg m^ium the human type 
grows readily, produemg in the course of two or three weeks an abundant 
wrrmkled growth, whereas the bovme ^q>e grows hardly at all ^Vhen 
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inoculated into animals the bo\ me type xs more ^ irulcnt tlian the human 
tj'pe An emulsion of 0 1 mgm of dned bacilli of bo\ me tj'pe injected 
intravenoiislv m rabbits causes generalized tuberculosis and death 
■n ithm two months whereas after a similar dose of the liuman tj’pe 
llie animal dies only after two months, or maj sur% n e 

Both human and boMne types occur m man, and the frequencj of 
each tj'pe nines in different organs and tissues Bo\ me infection is 
generallj regarded as more virulent, and more likely to gn e rise to 
multiple lesions or to generalized infection \\ith few exceptions 
intrathoracic tuberculosis at all ages is due to infection bv the liuman 
tjpe of bacillus, whereas, tuberculosis of lymph glands, bones and 
joints and the abdomen, especiallv m chddren, is due in a considerab'^ 
proportion of cases to the bovine organmn In Glasgow, Blacklc^'^ , 
found tliat m children up to thirteen jears bovine infection accoun®'^i 
for 64% of cervical gland tuberculosis, 80% of abdominal, and 3*^" ® 
bone and joint tuberculosis 

Griffith (1932) ga%e the following results of lus in% estigations 
the incidence of bonne infection m the prinapal forms of “ surgical 
tuberculosis — 
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Sources of Infection in Man The most common sources of infection 
are (1) sputum from infected subjects , (2) contammated milk from 
cows suffering from tuberculosis of the udder 

A phthisical patient maj coniey infection directly to those about 
him through his sputum or the sputum may become mspissated, and 
maj then be carried bj dust In either instance infection maj occur 
by inhalation or by ingestion 

Milk IS a common s elude for the tubercle bacillus, and so greatly 
IS this source of infection dreaded in some cities that all milk is 
pasteurized before consumption Impro\ed \eterinarj and municipal 
admimstration has of late tears reduced graduallj the frequencj of 
this source of infection yet at least 7% of raw market milk m this 
country contains tubercle bacilli 

Portals of Entry of Infection Tubercle bacilli may gam access to 
the boclv b) the mucous membranes or, rarely, by the skin Tlie 
^kin rean. respiratory and alimentary tracts are un 

'oier <o/o ajje commonest sites of entry of mfection, and there need 
joeal point » of the surface for its occurrence 
ter Althoi. 
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Infected droplets of sputum or particles of dust maj be inhaled 
so that bacilli reach the pharjngcal or respiratory mucosa ^^hlch they 
penetrate That bacilli maj gam entry to the bodj b\ the pliarjnx 
IS pro\ed bj the dlseo^e^J of tuberculous foci m the tonsils of 
children , and it has been estimated that at least 5% of excised tonsils 
shoH evidence of tuberculosis The mucous membrane of the 
trachea or of the bronchi also affords a surface for infection, and it is 
behe\ed that catarrli of these passages favours its occurrence Post 
mortem and radiographic examination in children has shoivn that 
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primarj involvement of the lung (vvitii secondarj infection of the 
tracheo bronchial glands) is far the most common mode of infection — 
the so-called primary complex, or Chon’s focus 

The mucous membrane of the small mtestme is the other great 
absorptive surface for tubercle bacilli, and the infection is almost 
always of bovine type carried bv milk Unlike most other organisms 
the tubercle bacillus, m virtue of its fatty capsule, can survive exposure 
to the gastric juice, ev en for a period of sev eral hours, and thus reaches 
the intestines unharmed The bacillus gams access to the tissues 
through the IjTnph follicles of the ileum, the most activ elj absorptive 
region of the gut Sometimes local ulcerations of the mucosa are present, 
but usuallj the pomt of entry is not delectable 

Infection through a cutaneous surface is v erj rare, and is 
limited almost to those frequently m contact with infected material 
It IS consequently most apt to affect doctors orderlies, or butchers 
The organism gams access through an abrasion, and there sets up a 
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localized focus [leiruea netrogenici^j, usually situated on the hand, 
ivrist or arm. 

The Early EWdences of Tuberculous Infecbon. To begin %\ith, 
tuberculosis is alirajs a local disease, and it affects especially the 



Fig 8 Tuberculosis of the kidney At the upper pole there are two 
caMtifs, lined by tuberculous graoidalioR tissue At the nud part of 
the kidney there are masses of caseous matenal. Multiple small 
tubercles are present in the mucous membrane of the renal pelvis. 

Tbe ureter is infiltrated and greatlv thickened 

[Departmnl tf Surgtrf, Unftttntf «/ Xdtntirji.) 

Ijmph 1 ascular system of the body. It js therefore in the regional 
Ijniph glands and vessels draum^ the pliarynx, lungs and small 
intestine that one seeks evidence of early infection. The initial foci 
of tuberculosis ate usually found at one or more of the following sites : 
(1) the tonsils, (2) the cert ical lymph glands, (3) the tracheo bronchial 
glands (by far the commonest), and (4) the mwenteric glands. From 
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the group of glands first involved the infection may spread to others 
Tlie affected glands may show little or no macroscopic evidence of 
disease, but usually one or several glands become enlarged, and may 
caseate Later m life, if resistance proves adequate, the only evidence 
of former tuberculous infection moj be calcification of a gland, and 
such hard nodules are often noted m the mesenterj of the small intestine, 
the lung roots, and less often m the neck (see Fig 7) 

Progress and Spread of the Disease The progress of tuberculous 
infection depends on the v inilencc of the bacilli and on the patient’s 
powers of resistance 

In some subjects the original infection is followed by progressive 
tuberculous disease In the vast majority the resistance proves 
adequate, and the organisms are either destroyed or entrapped m scar 
tissue In others again the infection may remain latent during many 
jears, and may later become reactivated and spread, if for any reason 
the resistance is lowered 

Natural resistance is low m the first few years of life, but becomes 
greatly increased in later childhood The resistance may be undermined 
b} malnutrition, intercurrent illness, or unhealthy environment, or by 
a combination of these factors 

The disease maj spread in any of the following ways — 

(1) By the IjTnph vessels 

(2) By the anatomical passages. 

(d) B} the blood 

(1) By the Lymph Vessels This is quite the most important mode 
of spread in the early stages of tuberculosis, which is primarily a disease 
of the lymphatic system From the Ij mph glands earliest involved, m 
the neck, mediastinum or mesentery, the disease spreads first to 
adjacent glands of the same group, and later to glands of other groups 
Further extension by lymph channels or by apposition leads to the 
infection of other tissues and of viscera From the mesenteric glands 
extension to the subserous lymph channels may cause tuberculous 
peritonitis Spread from the abdommal lymph vessels to the thorax is 
sometimes noted, and this may occur along the Ime of the internal 
mammary vessels In the thorax the disease may spread from the 
glands at the hilum of the fung to the peribronchial lymph vessels and 
to the lung and pleura In the neck the glands on both sides may be 
infected, and from there the disease may spread to the mediastinum 
or the axilla 

(2) By the Anatomical Passages The most striking example of this 
method of spread is seen m tuberculosis of the larynx and of the 
intestines in phthisical patients, for it is generally accepted that 
these lesions are the result of infection from coughed up and swallowed 
sputum A similar method of spread is witnessed m the lungs, where 
bacilli gammg access to the lumen of a bronchus from an ulcerating 
lesion may be responsible for extensKMi elsewhere m the Jungs 

It IS said also that infection from a tuberculous kidney may be 
carried m the urine to the bladder, and it seems more probable that 
infection along the ureter spreads by contiguity of tissue rather than 
within the lumen 
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localized focus (terruca neerogenieti^, usually situated on the hand, 
\Tnst or arm. 

The Early EWdences of Tuberculous Infection. To begm with, 
tuberculosis is always a local disease, and it affects especially the 



Fia 8. Tuberculosis of Ibe kidney. At the upf>er pole there are two 
cainties, lined by tuberculous granulation tissue. At the mid part of 
the kidney there are masses of caseous matenal. Multiple small 
tubercles are present in the mucous membrane of the renal peUis. 

The ureter is infiltTated and greatly Uuckeced 

{DfparlmttUtJSurjfTt, Vtann<tv Eitniurjh.) 

IjTnph tascular sjstem of the body. It is therefore in the regional 
lymph glands and tessels draining the pharynx, lungs and small 
intestine that one seeks etidence of early infection. The imttal foci 
of tuberculosis are usually found at one or more of the following sites : 
(1) the tonsils, (2) the cet^’ical lymph glands, (3) the tracheo-broachial 
glands (by far the commonest), and (4) the mesentenc glands. From 
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the group of glands first mvoKed the infection may spread to others. 
The affected glands may show httle or no macroscopic evidence of 
disease, but usually one or several glands become enlarged, and may 
caseate Later m life, if resistance proves adequate, the only evidence 
of former tuberculous infection may be calcification of a gland, and 
such liard nodules are often noted m the mesentery of the small intestine, 
the lung roots, and less often in the necL (see Fig 7) 

Progress and Spread of the Disease. The progress of tuberculous 
infection depends on the virulence of the bacilli and on the patient’s 
powers of resistance. 

In some subjects the original infection is followed by progressive 
tuberculous disease In the vast majority the resistance proves 
adequate, and the organisms are either destroy ed or entrapped m scar 
tissue In others again the infection may remain latent during many 
jears, and may later become reactivated and spread, if for any reason 
the resistance is lowered 

Natural resistance is low m the first few 3 ears of life, but becomes 
greatly increased in later childhood The resistance may be xmdermmed 
bj malnutrition, intercurrent illness, or unhealthy environment, or by 
a combination of these factors 

The disease may spread in any of the folloning ways . — 

( 1 ) Bj the Ijmph vessels. 

( 2 ) By the anatomical passages. 

( 8 ) Bj the blood 

(1) By the Lymph Vessels This is quite the most important mode 
of spread in the earlystages of tuberculosis, which is primarily a disease 
of the lymphatic system From the lymph glands earliest m\ olved, in 
the neck, mediastinum or mesenter>, the disease spreads first to 
adjacent glands of the same group, and later to glands of other groups 
Further extension by lymph channels or by apposition leads to the 
infection of other tissues and of viscera From the mesenteric glands 
extension to the subserous lymph channels may cause tuberculous 
peritonitis. Spread from the abdommal lymph v essels to the thorax is 
sometimes noted, and this may occur along the Ime of the mternal 
mammary vessels In the thorax the disease may spread from the 
glands at the hilum of the lung to ttie peribronchial lymph v essels and 
to the lung and pleura In the neck the glands on both sides may be 
infected, and from there the disease may spread to the mediastinum 
or the axilla 

(2) By the Anatomical Passages. The most striking example of this 
method of spread is seen in tuberculosis of the larynx and of the 
intestines in phthisical patients, for it is generally accepted that 
these lesions are the result of infection from coughed up and swallowed 
sputum A similar method of spread is witnessed in the lungs, where 
baedh gaimng access to the lumen of a bronchus from an ulceratmg 
lesion may be responsible for extension elsewhere m the lungs 

It is said also that infection from a tuberculous kidney may be 
earned m the urine to the bladder, and it seems more probable that 
infection along the ureter spreads by contiguity of tissue rather than 
within the lumen 
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(3) By the Blood The blood stream is an important channel for 
the spread of tuberculosis to the viscera The bacilli maj reach the 
blood stream as a result of ulceration of a venule in an infected l\mph 
gland or m an ulcerative process in 
the lung or other viseus 

The sisceral manifestations of 
tuberculosis — e g , in bones and 
joints, hidnev, epididnms, etc. 
— ^are behei ed to be due to 
dissemination na the blood stream 
It seems probable that an active 
pnman lesion in a gland or in 
the lungs ma% disperse showers of 
organisms into the blood stream from 
tune to lime ^lanv organisms are 
doubtless destroyed, but they maj 
take root and lead to smgle or 
multiple tuberculous foci in the 
tissues in which they lodge In this 
way ina\ originate a solitarv focus 
in one fadney or a bone or jomt 
If on the other hand, a large 
number of Wood borne o^anisms 
survive they give nse to multiple 
foci m mam tissues and Mscera 
and thus lend to the condition 
known as ocu/c mtUary tuhrreulotii 
In rare instances miliarj tuber- 
culosis assumes a chrome form and is 
sometimes surnvcd Chtonicmihary 
tuberculosis affects particularh the 
lungs which are the seat of innumer 
able fine caseous deposits The 
disease mas persist for nianv montlis 
“>* '-•‘hout 

globu* miBot are enlaT^K] and residual changes In a large pro- 
ronlain nuine«tts caseous too, portion active tuberculoais develops 
The durtu, detcrens »s Uuckened * , , . j . 

and nodular The bodr oflfee ^kewbcre at a later date especiall) 
tftis IS afTectesL in bones and viscera, particularlj 

(iiK^rCT tf ^Sirpeau tf the kidnev There IS evidence that 

sarcoidosis with its diverse mani 
festations is an aH'pical form of chronic miharv tuberculosis 



E limina tion of Tubercle Bacflh Tuberculous Badlluna Tubercle 
bacilli ma\ be excreted m the urme m cases of active tuberculosis of 
the lungs, bones and joints lymph glands etc. The bacilluria is usuallv 
symplomless but there are alwavs pus cells in the urine The 
bacilli are not eliminated from Ibe kidnev b\ a proces* of simple 
filtration from the blood, but originate m minute and usuallj 
microscopic foci situated close to the cortical glomeruli. The small 
focunthe kidnev areusuall} non progressive and after a variable item, 
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undergo fibrosis, but, m a few cases, renal tuberculosis may deselop 
at a later date 


In the same vaj, tubercle bacilli may be present m small numbers 
in the cerebrospinal fluid Avithont evidence of meningeal origin They 
origmate from small 
overt foci in the 


brain substance 

Relati\e Resistance ^ 
of Organs and Tissues 
to Tuberculosis It is 
a commonplace that 
certain organs and 
tissues are especially 
susceptible to tuber 
eulosis, others relativ cly 
resistant, lymph 
glands, the lungs, the 
intestinal tract and 
peritoneum, bones, 
jomts and bursa;, are 
common!) a fleeted, 
whereas the th)Toid, 
heart and skeletal 
muscles are almost 




immune 

In some organs and 
tissues the resistance 
continues c\cn after 


FiG 10 Section of a tubertte (loir power) In the 
centre there are endothelioid cells and ciant cells, 
while abo\e and below there are collections of 
lympboc>'tes There is no caseation 


the disease has cstab 

lished itself locall), whereas m others it diminishes once the disease 
has gained a foothold The lung shows definite evidence of resistance 
as indicated bj fibrosis even when extcnsi\ely diseased, whereas the 
meninges once imoUcd show no such reaction The behaviour of the 
kidne) IS paradoxical, for it may eliminate innumerable bacilli during 
long periods and j et remain relatively unharmed, but when once it 
becomes the seat of tuberculosis it undergoes extensive destruction, 
and rarel) Iieals Similarly the suprarenal gland is affected seldom, 
but alien imol\cd exhibits poor resistance, and its fellow often 
becomes infected 

The Local Lesions of Tuberculosis The characteristic lesion of 


tuberculosis, t e , the local reaction of the tissues to the presence of 
tubercle bacilli, is the tubercle or tuberculous follicle Such a follicle 
consists of endothelioid (epithelioid) cells and lymphocytes, collected in 
a more or less spheroidal mass around a clump of bacilli. The endothe 
hold cells, which occup) the central parts of the young follicle, are 
oval or spmdie shaped cells with faint staming nuclei and abundant 
clear cytoplasm They are believed to be derned from the endo- 
thelium of blood and lymph vessels and from the fixed connective 
tissue cells of the part 

The 1) mphoc)'tes, which are believed to be derived from 
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the prohtetation ot local pen vaseulat Ij-mph aggregations, are general]) 
arranged m a more or less circular zone near the periphery of the follicle 
Another constituent of the 
typical tuberculous follicle is 
the giant cell This is a la^e 
cell of irregular shape, and 
often ill-defined at its margin 
It contains numerous small 
oval or rounded nuclei, which 
typically are situated near one 
^ge of the cell or are disposed 
in horseshoe formation Com 
monlj one or more such giant 
cells occur in a single follicle, 
and thej are usually situated 
near the margin of the region 
of endothehoid cells Tiiey 
are beheved to be derived from 
an endothehoid cell m which 
amitotic division of the nucleus 
has been unaccompanied by 
corresponding cleasuge of the 
cj toplasm They are regarded 
as foreign body cells of special 
type, and when present in 
cellular collections such as 
have been described they 
are verj characteristic of 
tuberculosis Ihey are not, however, iiivanabl) present nor entirelv 
pathognomonic of tuberculosis 

The above description is that of a tubercle in the earliest stages 
of its development, a tubercle which from its smallness may be described 
as a mthary tubercle \ erj soon after its formation, howev er, the tubercle 
undergoes further changes and the first and most important of these is 
casealion This is a form of coagulation necrosis affecting the endothehoid 
cells near the centre of the tubercle, and it is noiv generally attributed to 
the action of to\ins set free from the bacilli around winch the tubercle has 
formed The endothehoid cells affected in this manner become swollen 
and lose their outline, their nuclei become famt and disappear and 
eventuall} the cells fuse in a dry, homogeneous mass of d&ns which 
from its naked ej e resemblance to cheese is known as caseous matter 

From its inception a tubercle is completely devoid of blood vessels 
This av’asculanty is attributable to the action of the hacillaiy toxins, 
which effect a necrosis of the capillar) walls and an obliterative 
endarteritis m the larger v essels of the surrounding tissues and it is 
of special significance m that it tends to prevent the access of organisms 
to the bloo<l stream 

Further changes m the tubercle depend upon the virulence of the 
disease and upon the reaction of the tissues K the disease does not 
progress the tubercle becomes surrounded by fibrous tissue and may 



Fio I] S«cttonof a tubercle (low power) 
A typical tubercle is eeeo with centra) 
ares ot caseation surrounded bv lyinpbo- 
cytes and endothelial cells “two s>ant 
cells are evident 
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ultimately become almost obliterated m a dense sear Such “ liealed 
tubercles ” are common m the longs and m lymph glands Frequentl> 
thej imdergo calcification, and are tlicn recognizable m radiograms 
If, on the other hand, the disease progresses, new tubercles de\elop 
m adjacent lymph tracts, and by confluence they may form foci of 
large size 

Occasionally, as for example in the menmges or, rarely, m a jomt, 
the disease may progress with great rapidity from the onset, and the 
microscopic appearance may be that of an acute inflammation, with 
on exudate of fibrinous fluid and an infiltration of polymorph leucoc\ tes 
{acute tuberculosu) Much more commonly, however, the course of 
the disease is slow and tractable, and is marhed bv a fairly e\ en balance 
between the invading o^amsms on the one hand and the resisting 
tissues on the other {chrome ttiberculona) At the margin of a focus the 
process slowly extends its path partly barred by fibrous tissue derived 
from the surrounding stroma, whilst at the same time the central zone 
of caseation gradually enlaces sometimes to such an extent that entire 
organs, e g , the kidney and the suprarenal gland, become completely 
caseous 

In certain situations, notably m bones and lymph glands, the caseous 
material is opt to undergo softening, and, by admixture with poly morph 
leucocytes to become caseous pus, forming a cold abscess 

Hypertrophic Tuberculosis In the ileocxcal region, m joints, and 
rarely' m the stomach, the tissue response to tuberculous infection does 
not result m ty'pical follicles but takes the form of a diffuse overgrowth 
of granulation tissue and y oung fibrous tissue, the so called hypertrophic 
form of tuberculosis Microscopically, caseation is lacking, and giant* 
cell sy stems are scanty or even absent In the ileocsecal region this form 
of tuberculosis leads to great Ihickcnmg of the wall of the gut, and 
subsequently the contraction of fibrous tissue causes much narrowing 
of the lumen and binds the caecum, appendix and ascending colon in a 
firm shrunken mass In joints the synovnal membrane is replaced by a 
proliferating mass of granulation tissue which spreads in the form of a 
pannus ov er the articular cartilage and fills the recesses of the joint 
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CHAPTER V 


ACTINOMYCOSIS 

\cnNOin costs IS a disease Tesulticg from mfectioa bs tl e 
ihnz cctinomfjces and the les ons to w^ch it g»cs rise belong to the 
group of mfectire granulomata It alfects especiallt the mouth 
abdcmina! o'gans and lungs and is characterized bv the formation 
of much granulation tissue and be fibrous mfiltration and multiple 
abscesses. The disease is common in cattle and is bv no means rate 
in man 

Pin head granules gi ee iu sh-grev m colour though sometimes 
bright Tellow like grams of sulphur, can usuallr be found in the 
invaded tissues or m the pus These granules are compact colonies 
of the streptothm, which grows as a mrcelrum or felted mass of 
branching filaiccnts (hence the term ‘ rav fungus ’ ) Occasionallv the 
filamentsarefragtnentedmtobadBarvorcocealfotms and occasionally 
there are rows of oval or spherical spore»lilestrDcttirts or goiudia The 
filaments are Gram positive, and grow onlv at about bods tempmture. 

There are seieral Ivpes of rlreptotfnxcrfj/ipni.'fer birtlLeonh tvpe 
responsible for actmomrcosis in man is the organism isolated bv Israel 
and Wolff The orgaomn is a non acid fast anaerobic streptothnx. 
It has been isolated from tbe tonsils canous teeth and abmentar\ 
canal of healths persons , and the view is now held that one or 
other of these sites is the source of infection In actincenvcotic lesions 
the streptothnx is oRcn associated with other bactena wimetzmes 
as a gross infection e with B evit but alwavs m conjunction with 
a minute Gram negative organism — barillua flriincmjcrturt etmtiam 
The associated bactena are believed to fuiiush favourable local cot^i* 
tions for the invasion of the streptothnx and its proliferation pwibablv 
as has been demonstrated in the case of the tetanm., bv reducing the 
oxvgm tension in the tissues to a limit which wM allow the anaewibie 
spores to germinate. 

Cultivation of the actinomrces &«m pus is difficult because it is 
Wquenfii contaminated hi organisms which, on account ot their greater 
viabaitv outgrow the streptothnx m culture media. The difficulty 
may be overcome b% repeated ouxing and of the pus m saline 

the actmoms cotic granules smk on standing and mav be needed mde- 
pendcnlli into culture media. The most suitable media are blood agar, 
glucose agar or s«uro agar, and cultivation is earned out aerobically 
and anaeiob calJv The colonies on agar plates are dull white and 
round with filaments ladiatmg into the surrounding medium 

^lethods of Infection and Transnussion. The recognition bacteno- 
logically of difTereut varieties of the streptothm actinomvces and the 
idratificatiOD of the t^■pe specific for human and aTiim.tl lesions 
helped to disp^ the uncertainties as to bow infection mav be acquired 
The older view of the mode of infection was that actinomvcosis was 
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essentjallj a disease of persons who lived in rural areas, and that thev 
acquired it from grain seeds in the same way as cattle Support for this 
belief seemed to be afforded by the observation that people engaged m 
certain occupations, such as harvesters dairy workers, and stable 
attendants, were prone to suffer from the disease , and that in a number 
of instances there had been a history that infection had followed abra 
sions of the mouth or tongue by gmm Iiusks or stalks, etc But in 
contradiction of tlus exogenous source of infection there is no authentic 
record of transmission of the disease from man to man or from animal 
to man , and, furthermore, later evidence indicates that the incidence 
in country is no greater than tliat in town dwellers The association 
of foreign bodies witli the disease has probably been overstressed , and 
now there is conclusii e evidence that the streptothrix may be a normal 
inhabitant of the oral cavity and gastro intestinal canal of man 
and animals, leading there a saprophytic existence until local tissue 
injurj affords an opportunity for tlie organism to gam a footing In 
support of the now accepted view of endogenous infection, it is known 
that the actinomjces bovis is a very delicate organism which is not 
found outside the body and grows most readily if furnished with a 
limited supply of oxygen 

Site of Infection The commonest site of infection m man is the 
mucous membrane of the mouth or pharjmx The actual mode of 
infection is often doubtful, and it may be impossible to trace its source 
Sometimes infection maj be initiated by injury caused by foreign 
bodies or a dental extraction, but tlicrc is little doubt the frequency 
of the association of foreign bodies with the disease lias been exaggerated 
In some instances the site of infection is the mucous membrane of 
the intestine, or, less often, of the bronchi In rare cases infection of the 
skm and subcutaneous tissues lias followed an abrasion 

Characters of the Lesion The affected area is infiltrated by a 
firm fibro cellular tissue This ma> gi\e rise to a hard, lumpj mass 
of chronic inflammatory material of bmAmy character with ill defined 
edges, or to multiple smooth nodules of uniformly firm consistence 
One or more of the nodules may liquefy and discharge their charac 
teristic granular and Mscid necrotic contents Healing of the sinuses 
maj occur but is unusual while superadded infection persists 

Mode of Spread Unlike syphihs and tuberculosis, whicli it resembles 
in some respects and with which it is sometimes confused, actinomycosis 
spreads directly through the tissues It does not usually attack the 
Ij'TOph glands, probably because the oiganism is too big to be carried by 
the lymph vessels The disease begins in the submucous or subcutane 
ous tissues and travels m the fibrous tissue planes of the bodj Muscles 
are pushed aside or infiltrated Invasion of a vein is uncommon, but 
spread by the blood stream may account for metastatic lesions Death 
m actinomj cosis may be due to mvolvement of vital structures, 
generalized pjiemia, or to amyloid disease. 

ACTINOMYCOSIS AT SPECIAL SITES 
Almost any organ of the body may be attacked by actinomycosis, 
but there arc special sites at which it occurs In over 60% of cases 
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the region of the jaws, tongue phap\nx, and nech is affected , m about 
20% the abdonu^ Tjscera , and m the Temainder the thoracic organs. 
Sometimes there are multiple foci in vanous parts of the bodv 

(I) Tongue, Jav., Phar>-nx and ^eck. A. pnman lesion m the 
tongue IS rare , it usnallr begins at the margin of the organ m the form 
of a small deep-seated painless nodule which grows slowlv As the 
nodule approaches the surface the mucous membrane becomes 
stretched, and vellow areas correspondmg to tmderlving abscesses, 
make their appearance The condition in cattle known as “ woodv 
tongue ’ was formerlv ascribed to actmomvcosis but is due to a specific 
actino-bacillos Lesions due to this organism are exceedinglv rare in 
man 

In man the jaws are the commonest starting pomt of actmomvcosis. 
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and the lower jaw is affected much more oftoi than the upper The 
disease often begins close to the angle of the mandible, and ts often 
related to a carious tooth or an abrasion. Tnsmus maj be an earh 
sign The lesion miolvcs the soft tissues surrounding the jaws and 
the bone protected by its penosteum o not nsualli attacked directly, 
but the indurated tissues mar be so fixed to the bone that an osseous 
origin of the disease may be suspected. The affected parts are firm and 
tough, diSusrfy swollen at first and nodulated later {see Fig 12 ) The 
disease spreads to the cheek and parotid gland and to the areolar tissue^ 
of the neck, in which it extends tapidlv In the neck, unless thei are 
deep sealed the lesions can be fdt as firm nodules and the skin over 
them IS oftoi bvid and puckered As the nodules increase m sue the> 
soften to the degree of fluctuabon and finall y rupture, discharging sero- 
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purulent fluid and greyish or yellow masses containing the ray fungus, 
and leading to the formation of sinuses, which may intercommunicate 
The skin, usually infiltrated and board like, varies in colour from 
pinkish red to dusky blue The lymph glands are not involved unless 
there is a superadded infection 

From the neck the disease may extend to the mediastinum or to the 
vertebral column and the meninges When the upper jaw is involved 
the disease may spread to the orbit or base of the skull and even to the 
brain 

(2) Thoracic Organs Actinomycotic infection of the lungs may 
result from aspiration or from extension of infection through the 
mucous membrane of the lou er end of tlie cesophagus 

In a few cases primary pulmonary actinomycosis may be caused by 
direct aspiration of infective material from the upper respiratory tract , 
and metastatic lesions through the blood stream are said to occur 

The pathological appearances vary greatly, and three mam types 
of lesion, which represent different stages of the process, are described 
(1) The bronchitic, m which the infection is confined mainly to the 
large bronchi (2) The pneumonic, m which the process spreads from 
the bronchi to the aUeoli, uhich become filled with pus (8) The 
pUuro pneumonic m whicli the abscesses have burrowed to the pleural 
surface and produced emp>ema Often a considerable ottempt at 
healing by fibrous tissue is evident, so that hard, fibrous nodules alternate 
with typical softer lesions or abscesses The chest wall may be mvohed, 
and discharging sinuses may result The bram may be involved by 
metastasis through the blood stream 

(8) Abdominal Organs Primary abdominal actinomycosis accounts 
for about 20% of all cases The i!eoc«caI region and the liver are most 
frequently attacked, less often the pelvic colon, and rarely the duodenum 
and the gall bladder 

The commonest starting point for actinomycosis is the ileocecal 
region, due to sudden or gradual escape of infection from a diseased 
appendix 

The disease is usually insidious in onset and chronic in course 
It may become very widespread, and involve manj of the abdominal 
organs by extension in the retroperitoneal tissues It does not involve 
the peritoneal cavity It may extend even into the thigh, and may 
involve the hip joint 

In a few cases abdominal actinomycosis has a sudden onset and 
may simulate appendicitis At operation the appendix may be found 
to be involved m a mass of granulation tissue When suppura 
tion IS present an indolent sinus may persist after operation, and 
become surrounded by vascular granulations and miliary abscesses 
Sometimes at operation there is no palpable or visible mass, and the 
appendix appears healthy, and jt js only subsequently, when the disease 
becomes more advanced and breaks through the wound, that its nature 
becomes obvious 

The bier is a fairly common site for actmomycosis The lesion is 
sometimes a primary one, but more often is secondary to actinomycosis 
from the ileocaecal region or even from the lung In cases m which no 
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primarj lesion is found in the intestine it is probable that the organism 
has reached a tributary of the portal veui througli a small abrasion, 
or that the primary actmomjcotic ulcer was small and has healed 
The right lobe is the common site It becomes enlarged and acquires 
adhesions "srith neighbouring structures ^Vben cut the affected 
part has a very characteristic honejeomb appearance, probably 
due to coalescence of a group of abscesses , their contents liar e a rather 
bright yellow colour Secondary infection of an actinoin} cotic abscess 
b} pjogemc organisms is not unusual Smaller abscesses maj be 
present a short distance from the main one 

Actinomr cosis of the lirer may penetrate the diapliragni and 
infect the pleura and lung or it may invohe the abdominal wall, giving 
the skin a characteristic board bke hardness 
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CHAPTER VI 


HYDATID DISEASE 

Hydatid diseJise i» man is caused by the Echinococcus granulosus. 
This is a cestode which normaily completes its cycle of development 
in two hosts. In the dejinitive host — the dog — it lakes tlie form of an 
intestinal tapeworm, the tienia cehinocoeciis. Tliis is a small worm, 
3-6 mm. long, consisting of four segments (Fig. 13). Ova (known as 
hexacantlies) set free from its terminal segment (proglottis) are evacuated 
in the fieces. 

In the intermeduile host — generally tjie sheep, less often the ox or 
pig — the o\ a derived from foorl contaminated by canine ffeces penetrate 
the intestinal tract and are carried to the liver, where they lead to the 



(o) Eehinoeoeeus granulosus. Note the ova in the distal se^fment. 

(6) Head of Ce/iinococnu granuiosus showing suci>.er8 and hool^Iets. 

formation of a hydatid cyst. Less often, secondary hydatid cj’sts may 
arise in the lungs or other sites. 

JIan, like the sheep, acts as an intermediate host. Probably in most 
cases the infestation is acquired in cluldhootl ns a result of contact 
with an infested dog. 

Geographical Distribution. The disease occurs in all countries ; 
but it is found with greatest frequency in those in which sheep are 
pastured in large numbers, because these animals act as the intermediate 
hosts for the parasite. On this account Australia, New Zealand, the 
Argentine, and South Africa, which are the great sheep-raising centres 
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of the wotW, show the highest madence of the disease In the State 
of Victoria in Australia it has been estimated bj Dew that 1 per 800 
hospital admissions is on account of hjdatid disease In Europe, 
hjdatid disease is rare, although there are a feu countries, such as 
Denmark, Northern Italj, and Iceland, where the disease has a 
relatneh high incidence In the British Isles few cases occur, and 
most of them are in Ocknej , Shetland, and W ales 

Deielopment of the Hjiiti<l Cyst The embryo usually lies in one 
of the liier lobules, where its presence sets up a very active celluhr 
reaction An infiltration of the tissues with lymphocytes and endo- 



ne 14 Diagrarn of a fuKy developed unilocular hydatid cyst, o, 
adveotitia or cctocyst b lamina!^ membrane e germinal layer, 
d brood capsule with scoboes (Vlodified from Dew ) 

tbelial cells as well as with erythrocytes occurs, and the specific response 
to the helminthic to'on is evidtnctd by cosinophiha 

About fourteen davs after implantation the parasite assumes a 
vesicular form, and at tlus stage four zones may be obsenefl , m the 
centre is the vesicular embryo, surrounded by a layer of endothelial 
cells around which are concentrically arranged fibroblasts, and, at the 
periphery, a few layers of degenerated liver cells Bv tbe fourth week 
the cyst is quite recognizable 1^ the naked eye, and by the third month 
it may be sev eral centimetres in diameter 

Structure of the Mature Cyst The fully developed cyst is lined 
by a membrane, variously known as the endocyst, granular, 
parenchymatovs, or germinal layer, composed of small nucleated masses 



DE^ ELOPMENT OF HIDATID CYSTS 51 

embedded m granular protoplasm, from the inner aspect of which 
project the brood capsules and scoUces (see below) The lining membrane 
IS -Nerj looselj attached to the subjacent laminated layer, which is firm 
and ser\es to protect the delicate germinal lajer and its developing 
scolices The laminated membrane is very impervious to noxious 
agents The outer coat or ectocyst or perw^t is an adventitious capsule 
formed from the tissues around tlie cyst, and is therefore, not an 
integral part of the parasite It is composed of fibrous tissue and vanes 
greatly m thickness There is a definite line of cleavage between the 
laminated layer and the adv cntitious capsule 

In the interior of the cyst is the characteristic hydatid fluid, clear, 
and opalescent with an alkaline reaction It acts as a nutrient 
medium for the developing scohees 

Brood capsules develop from the germinal layer and appear as 
small vesicles attached loosely to its inner surface Scohees develop on 
the surface of the brood capsule at several points by a process of evagina 
tion and cupping of the proliferating capsule A typical scolex is 
attached to the brood capsule by a fine stalk and swings freely within 
the capsule The mature scolex has the typical shape of the head of 
the mature v\ orm and tlie same arrangement of hooklets, which have a 
retractile mechanism to protect them from contact with their neighbours 
Aggregations of them noted when a cyst is opened are known as 
* hjdatid sand on account of the calcareous particles they contain 
A daughter c} st is a replica of the mother or primary cyst within 
which it occurs It generally develops when the vitality of the mother 
cjst IS endangered and thus represents a defensive mechanism for the 
larval cestode Daughter cjst formation may follow injury, infection, 
or the entry of noxious fluids into the cyst , but is rarely observed in 
childhood, or in cysts m such sheltered sites as the bram and bones 

PATHOLOGICAL FEATURES OF HYDATID CYSTS 

H}datid cjsts have been observed in almost every organ of tJie 
boilj, but the majority, as mentioned above occur in the liver or 
lungs 

The rate of growth of a cyst is very variable and depends on the 
tissue in which the cyst occurs In soft vascular organs like the lung, 
spleen and brain cysts grow rapidly compared with cysts within the 
bones The parasite may retam its vitahtj for as long as 40 years or 
It may die, spontaneously or as a result of rupture or infection of the 
cyst In the earlj stages of its growth it usually gives rise to eosino 
philia and this may recur if rupture, leakage or infection of the cyst 
takes place If the parasite dies the cyst wall niav become calcified and 
the contents pultaceous {atheromaious cyst) 

As the fluid of a hydatid cyst is under considerable pressure, the 
cj st remains spherical and tends to grow in the lines of least resistance 
Thus a cj st of the liver may become pedunculated, or may bulge into 
the retroperitoneal tissues 

As a hydatid cyst grows but slowly, pressure effects may be long 
deferred, for the affected structures have sufficient time to accommodate 
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lliemsehes In the b\er the costal margin may bulge, or the bite ducts 
may be occluded In the brain, signs of increased intracranial pressure 
may become evident. 

In operations upon liydatid cysts, advantage is taken of tlie lack of 
cohesion between the laminated la3€r and the adventitious capsule to 
evaginate the cpt To eliminate the risk of disseminating the disease, 
the contents of the cN'st may he destroyed by injection of formalin 
Excision of the cj'st IS imnecessary, although removal may conveniently 
be earned out if the cyst be pedunculated 

Hydatid Anaphylaxis Rupture or leakage of a hydatid cyst may 
occur spontaneously or as a result of puncture or other surgical 
mterferenee After rupture, especially if the patient has presaously 
been sensitized by minor leakage from the cyst, anaphy lactic 
phenomena, mild or sci ere, may ocenr For this reason exploratory 
puncture of a cyst is a particularly injudicious practice 

The anaphylactic phenomena vary liom pruritus and urticaria or a 
feelmg of constnction in the chest, to senous symptoms such as conrul 
sions pulmonary cedema or ^ncope General anasthcsia mitigates the 
effects of anaphylaxis but tbeu* manifestations may be delayed until 
after recovery from the anasstbetic The sensitization resulting from 
repeated absorption of protein from hydatid fluid is utilized for two 
diagnostic measures, the complement fixation test and the intradcrraal 
reaction (of Casoni) The test is positive in 70% 

HYDATID CYSTS IN SPECIAL SITES 
(1) laser As the ova of the Uenta echinococcus arc conseyetl by 
the portal circulation it is not surprising that at least 75% of ell 
hydatid cysts affect the liver, and when hydatids are present in other 
organs such as the lungs, the liver is affected in a high proportion 
This IS a consideration of great importance in prognosis and treatment 
In the liver hydatid cysts tend to develop m j oung subjects, though 
they often remain latent The right lobe is more commonly affected 
than the left m the proportion of about 4 1 and •when the cysts grow 
to large size the unaffected lobe usually shows considerable compensatory 
hy'pertrophy Cysts near the peritoneal surface of the liver tend to 
spread towards the abdominal cavity, those originating near the free 
border of the liver may become pedunculated At the superior surface 
of thu liver tbii cyst ma.y cause efevatiua of the diaphcogro. «. Cca-tuse 
recognizable by radioscopy A cyst occasionally originates at the 
bare area of the liver, and may then extend into the retropenloneal 
tissues 

In adults, daughter cy^ts are present in fully 00% of cases as a 
result of irritation caused by the entry of bile 

The majority of hy datid cysts m the li\ec reouiui latent Ultimately 
the parasite dies and the cyst wall undergoes calcification In a small 
proportion complications occur, of which the chief are {a) suppuration, 
and (6) rupture 

(a) In a umvesicular cyst the laminated layer is impermeable to 
organisms, therefore suppuration only occurs after communication with 
the bile passage The common infecting oiganisms are bacillus coli. 
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streptococci, an<i staphylococci, but sometimes gas producing organisms 
are present 

(6) The cyst may rupture into the biliary passages tlie peritoneum, 
tJie pleura and lung or rarely into an abdominal viscus 

If the cj st ruptures into the biliary passages, obstructi\ e jaundice 
may result, or daughter cysts maj be discharged and may be 
disco%ercd in the stools Itupture into the peritoneal cavity may give 
rise to severe anaphylaxis, and later to the development of multiple 



FiOrtS Hydatid cyst of the kidney causing hydronephrosis 
{iIu4evmofIlot/<ilCoa*jti>fSartf<m4 9fEd nbargh ) 

daughter ej’sts In some cases the rupture leads to extravasation of 
bile and to an early fatal issue 

Rupture into the thoracic cavity is usually a comphcation of 
suppuration of a large cj st, especially one situated m the upper part 
of the liver, on the right side Empyema is the natural result, but 
sometimes rupture occurs directly into the lung which has become 
adherent to the suppurating cyst As a result the contents of the cyst 
together mth bile may be expelled info a bronchus 
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Hupture of a hj datid cj’st into the stomacdi the small intestine, 
and the colon has been recorded Such complications are rare and are 
usually sequelas of suppuration 

(2) Lungs After the Ii\ef, the lungs are the commonest site of 
echjnococcal c>sts and the possibiUtj that a pulmonary and a hepatic 
cyst mav coexist should not be overlooked The usual route hj nhich 
the parasite reaches the lungs is by the blood stream cia the in er 

The right lung is atfected twice as often as the left, and the lower 
lobe IS the common site As a rule the cyst arises near the surface of 
the lung (peripheral cyst) much less often near the hilum (para 
bronchial cyst) Occasionally the cysts are multiple 

The lung tissue is non resistant and therefore pulmonary cysts 
grow relatively quickly and daughter cysts are not present until a late 
stage The laminated membrane and the adventitious capsule are 
usually \€ry thm especially while the cyst is uni\esicu]ar and uncom- 
plicat^ Brood capsules with scolices (hydatid sand) are almost always 
present 

A peripheral cyst is usually attached to the parietal pleura by light 
adhesion, which following infection may become firm and widespread 
A pulmonary cy st may rupture into a bronchus or mto the pleural cas ity, 
or it may become infected and lead to abscess formation m the lung or 
to py opneumothorax Rupture into a bronchus is an occasional ei ent, 
and albuminous fluid, or the membrane of daughter cysts may be 
expectorated and natural cute may follow By pressure a hydatid 
cyst may be responsible for secondary changes such as bronchiectasis 
Followmg remoial of a hydatid failure of cohesion of the walls of 
the pericy'st is liable to occur so t^t a cavity hable to infection persists 
m the lung It is for this reason that removal of the portion of lung 
contammg the cyst is to be preferred 

(8) BrauL Hydatid cysts m the brain are rare. The cyst is 
single and unilocular, it is seldom larger than a hen’s egg and its 
adventitious capsule is very thin Any part of the brain may be 
affected but the commonest site is one of the cerebral hemispheres 
superficially The cerebellum is rarely involved In children the skull 
bones may bulge oier the surface of the cyst, but in adults they are 
more rigid and merely show thinning at the point of contact of the 
cyst The cyst may deform, and finally rupture into the ventricles of 
the brain 

In the bram a hydatid cyst grows \erj slowly, and is therefore for 
long symptoraless The effects produced by the cy’St vary according to 
Its situation and are similar to those caused by benign tumour A 
single cyst is readily amenable to surgical removal 

(4) Kidney Even m places where hydatid disease is common, 
renal by datid cy sts are rare, and when they occur seldom produce i ery 
definite signs They may reach an enormous size without producing 
any important complication Occasionally the cyst ruptures into the 
renal pelvis and may then become infected Hydatid membrane, or 
e^en daughter cysts, may be passed in the urine, with symptoms of 
ureteral colic or urethral obstruction 

(5) Bone This is one of the rarest sites for hydatid disease Tlic 
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bones which ha\ e been most often attacked are tlie humerus, the femur, 
the ^ ertebne, the tibia, and the innominate bone As hj datids in bone 
grow very slowlj, thej are usun!l> recognired only in adults 

Tlie unj lelding nature of bone modifies the normal e% olution of 
the cj’st, so that localized solid masses of hjdatid material like grams 
of boiled sago gradually replace the marrow and osseous tissue 

The outstanding feature of hjdatid cjsls in bone is their extreme 
latenc} In situations like the femur or liumenis, spontaneous fracture 
IS often the first indication Such pathological fracture is a gra\e 
complication, not so much on account of the improbabilitj of union, 
but because it leads to dissemination of the disease m the soft tissues 
Radiographicallj, hjdatid disease in bone maj be almost indistinguish 
able from osteitis fibrosa 
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CHAPTER m 
TUMOURS 

Tuuodb fonnation, its nature and causes its relationship to other 
disease its prevention control are problems of great perplesitj, 
which have in turn attracted and baffled most who have studied them 
The problem of new growth holds manv disappointments for those 
who attempt to probe its ms'stenes and man^ forsake it for more 
promising fields but nevertheless it remains one of the most tiscmating 
subjects m the whole realm of pathologv 

Powell ^Ylute has defined a tumour as “ a mass of cells tissues or 
organs Te'«nbling those normallv present m the bodj , but arranged 
atvpicallv which grow at the expense of the organism without, at the 
same time, subsemng any useful purpose therein * The most striking 
attribute of all tumours is their complete autonomv A tumour is 
denred from the cells of the bodr m which it grows , it is as much on 
mtegral portion of the bod> as the liver or ^dnej or as^ other organ, 
\et It recognises no laws except its own, proceeds independeotlv, and 
often encompasses the destruction of its host 

The autoDom^ of a tumour is demonstrated bv the manner m 
which It exacts nourishment regardless of the stale of nutrition of the 
victim It IS like a mutinous arms devastating its own country, for, 
howeset impoverished the host the tumour contmues to flourish 

One of the few favourable features of even the most mali^iant 
tumours IS their local origin, and it is upon this that the whole treatment 
of cancer bj surgerv is founded. It is probably not true that a tumour 
always starts from a smgle atavistic cell — m the breast, for instance, 
the ongm is probably multicentnc — but nevertheless it is correct to 
assume that in the majontv of cases a tumour at its inception is localized 
Simple tumoure remain localized mdcfimtelv, and manj malignant 
tumours remain so for a period measured m months or \ears A few, 
liowever, such as certam types of melanoma spread rapidJi to other 
parts so that secon&an noSefies mav appear even belore the pnmarv 
growth is recognized In other cases, multiple primary malignant 
growths maj appear, sunultaneoush or in succession Thev may occur 
m dillcrent parts of the same organ, in paired organs or in different 
parts of the bodj , 

SL'IPLE AKD MAUGVAKT TU'IOURS 
Between ti'pical simple and mabgnant tumours there is little in 
common except their autonomv and the distmction can usuallj be 
made with ease on either clinical or pathological examination Other 
tumours however, possess sonm of the features of both cUkcs, end are 
not easil} assigned to one or other, whilst ^ et other tumours chang* their 
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nature in the course of years, and, after a period of simple growth, 
undergo malignant change 

The distinction between simple and malignant tumours is con* 
sequently not always possible, but m general it can usually be settled by 
the following criteria — 

{!) A simple tumour usually attains a limitation of growth, and 
after reachmg a certain size ceases to progress or at least progresses 
more slowly A malignant tumour, on tlie other hand, grows 
continuously, and, even when it has impoverished its host and source 
of nutrition, it still retains the potentiality for further proliferation 

Illimitable growth is seen in malignant mouse tumours whicli, if 
suitably transplanted from animal to animal, eontmue to live and grow 
long after their first host is dead Jensen’s mouse tumour arose 
spontaneously in a uhite mouse m the y car 1000 , has since been conv eyed 
from mouse to mouse in many laboratories throughout the world, has 



Iia 1C Pericanalicular fibroadenoma of the breast, removed from a 
woman aged twenty eight yeare TI e tumour bad grown slowly dunne 

several years It is non malignant and is surrounded by a well 
defined capsule of condensed fibrous tissue 
{Dtparimenluf SMryerjf Vnirtnljio} 

produced during that tune innumerable large tumours which together 
must be many million times the weight of the original mouse, and thirty 
years later (ten times the mouse’s span of life) was still growinu 
actively ® 

(2) Usually a malignant tumour grows rapidly, a simple one slowly 
To this, however, there are many exceptions , some simple tumours 
grow more quickly than cancers, and few malignant ones grow more 
quickly than that most innocent of tumours,” the feetus 

(3) Malignant tumours invade and destroy neighbouring tissues and 
possess no effective capsule simple tumours merely expand, and 
consequently are sometimes encapsuled The glioma, however, has no 
capsule, though in the pathological sense it may be non malignant, and 
there are other exceptions to this general rule 

(4) Malignant tumours readily ulcerate upon free surfaces, by 
mvadmg the surface membrane and interrupting its blood supply 
simple growths rarely ulcerate unless they undergo necrosis or 
suppuration 
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(3) Malignant tumours lend sooner or later to disseminate and 
form metsstases, and unless treated earh and radicalh the\ almost 
mrunablv kill simple tumours rarels cause fatalit\ unless they mler- 
fere with the funefaon of Tital organs. 

Jlicroscopic Appearance Jlicroscopically, the nature and d^ree 
of malignancy of a tumour may be judged on three distmct criteria : 
(1) the relation of the tumour to its environment, (2) the structure of 
the tumour, and (3) the appearance of its cells. In general, the first 
criterion is most raluafale, and for this reason it ts important to e rm ine 
the growing maigm rather than the central parts The most obvious 
evidence at the growing margin is the presence or absence of mvasion 
of surroundmg tissues, for with few evccptions malignant growths 
mvade, simple ones do not 

In regard to mtemal structure of tumour^, the strikmg feature is 
that simple tumours tend to repeat with some degree of aceuracj the 



Fia 17 SarrtKKts carciDoma of the breast. The lonMor possesses no 
apsole and has infiltrated the tHsofs of the breast, llie mpple is 
deeply retracted. 

^ Snjtrr Vmxnrritft! 

pattern of the ti^e from which they ate derived, whereas malignant 
tumonrs reproduce the tissue very imperfectly or not at all 

The appearance of the individual cell of a simple tumour may be 
hardlv distinguishable from the normal, but m typical malignant 
growths the cells have several strikingly abnormal features In general, 
the mahgnant cell mav be said to jiossess anaplastic characters and to 
approximate to an embryome type. The pnncipal function of an. adult 
cell is to work, that of the embryonic cell is to multiply, and the more 
mahgnant the cell the more does it develop the latter function at the 
expense of the former. Typically, a mahgnant cell is larger than its 
prototype, is of irregular shape, and stains more deeplv The nucleus, 
which IS a reliable guide to the state of actmty of the cell, is 
hyperchromalic, and often of vesicular appearance. 3Iitotic figures are 
common in rapidly growing tumours, and often the mitosis is of irregular 
pattOTi, Sometimes there is a large denselj staining spot quite distinct 
from the nucleus, the so-called “bird's eye spot.” These spots have 
often been regarded as parasitic mclusions, but th^ are probably due to 
moltiphcation of the centrosomes in irregular cell-division Another 
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index of rapid growth is the presence of “ tumour giant cells,” 
which must not be confused Avith other types of giant cell, such 
as occur in specific forms of tumour or around foreign bodies (see 

rig. 80). 


GRADES OF MALIGNANCY 

Attempts have been made to assess and grade the degree of 
malignancy of tumours according to their cytological pattern. Such 
an index of malignancy w as formulated by Broders and u as at one time 
adoptetl freely in America. 



Fio.lS. Squamous cell cafeinoma(«pitheljonia)of the tongue, x 70 The 
cells ore highly differentiated, and some are keratinized. Tins tumour 
Mould correspond to type 1 of Broders’ classification. Note the 
Ijinphocyte infiltration near the loaer margin of the section, a 
common feature id lingual carcinoma. 

This method differs from most others in that it relies entirely upon 
the microscopic appearance of mdividual cells of a tumotir, and upon 
the degree of “ de-differentiation ” or reversion to the embryonic type 
displayed. Four grades of malignancy are recognized. If 75% or more 
of the cells are highly differentiated, the tumour is assigned to Group 1, 
the group of lowest malignancy. Group 2 contains those tumours 
with 50% to 75% of the cells differentiated. Group 0 with 25% to 50%. 
In Group 4 are those tumours in which the majority of the cells are 
“ de-differentiated,” and consequently includes the most malignant 
types. 

Broders’ method appears to be helpful when applied to such 
groivths as squamous-cell caremoma of the skm, tongue and hp, and 
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should not be regarded as generally applicable to all tumours In 
assessing the malignancy of a tumour there arc, of course, manj otlicr 
factors to be taken into account besides its histological grading Such 


Fio 10 Squamous epithelioma of Invasue type without keratinitation 
or cell nest formation This tumour uould correspond to tyqv; 4 of 
BTodets' classiCcation 

features as the size and extent of the tumour, its position m relation to 
lymph drainage, its accessibility for surgical eraclication, and its radio 
sensitivitj, may all hate to be considered 


SPREAD OF MALIGNANT TUMOURS 

Sutce the object of surgical operation in malignant disease is to 
extirpate all invaded tissues, the study of all the possible routes by 
which tumours spread is of immense practical importance Indeed, the 
influence of such considerations upon the scope of the operatite treat- 
ment is manifest m every region of the body 

A sarcoma differs from carcinoma m its method of extension 
It infiltrates locally in much the same way, but sarcoma shows a 
great tendency to early dissemuialton by the blood stream , whereas 
carcinoma spteai^ first and principally along the lymph channels, and 
gnes rise to blood borne metastatic deposits at a relativelj late stage 
or not at all 

The spread of carcinoma, winch is of greater surgical importance 
than sarcoma, will be considered in more detail Carcinoma may 
spread in the following ways — 

(1) Inaasion of adjacent tissnes 

(2) Permeation and embolism in Ijmph channels 

(3) Embolism by the blood stream 

(4) Implantation of free cells 
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(1) Invasion Direct mansion of suntJundmg tissues js nlnajs the 
first mode of sprend Indeed, itrsoncndiifieult to 'issumc that a tumour 
ts malignant until it m\ ides 

As the tumour invades it destroys the surrounding healthy tissues, 
probably in virtue of enzymes from the malignant cells 

A tumour does not invade unifomily, but its invasion is influenced 
to some extent by the disposition of fascial phnes and other barriers 
It seems that the invading cells take the piths of least resistance, and 
any tough membrane, especially if avascular, exerts a restraining 
innuence The pj lotus forms a most remarkable barrier to the spread 
of tumours, and is rarely transgressed even by the most malignant 
gastric carcinoma 

Carcinoma like sarcoma, extends principally in connective tissues, 
but carcinoma may mvnde cpithclml structures such as the skin and 
mucous membranes For this reason a carcinoma, if superficial, 
commonly ulcerates early 

(2) Extension by Lymph Vessels Extension by lymph vessels 
often occurs early in carcinoma, and it provides the great obstacle to 
eradication of the disease by operation There are two possible modes 
of spread within the lymph vascular system (a) by permeation, 
(b) by embolism 

Sampson Handley has vigorously sponsored the theory of permea 
tion According to him, the tumour, having once gamed access to the 
lymph vessels, grows centnfugally in all directions m the form of 
advancing columns of celb, winch permeate furtlier nnd further from 
the primary growth As the malignant cells nt the head of each 
advancing column divide and progress the cells furtlier back become 
obliterated by a fibrous pen lymphangitis Consequently a centrifugal 
zone of spread a “ malignant ring worm ” results which mcreases 
progressively and reaches more distant parts of the body At 
intervals some of the cells of this annular zone grow more 
actively and form visible metastases Hence, in such a region as 
the breast, the earliest metastases usually lie close to the primary 
tumour, whereas those formed later lie at progressively greater 
distances 

In support of this view Sampson Handley has put forward many 
interesting observations, most of winch relate to cancer of the breast, 
and are considered more fully m the chapter on that subject The 
theory has not yet, however, received complete acceptance Most 
authorities agree that spread by permeation does occur, but few are 
prepared to attribute to this process the predominant rdle that Handley 
claims for it 

Of the second process of lymph spread cell embolism there is no 
doubt Small groups of cells set free in the lymph vessels are earned 
by the gentle Jympli current to neighbouring glands where they are 
arrested in the subcapsular sinuses By such a process glands com 
paratively remote from the primary tumour may be involved at an 
early stage and successful operation thus precluded Conversely, 
carcinoma arismg in tissues of which the lymph dramage is impaired 
by previous lymphangitis does not metastasize for months or even for 
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jeais Lupus carciooma, for example, tareh metastasizes until the 
pnmarj growth has extended bejond the area of lupus and has thus 
reached patent Ijinph channels 

(3) Dissemination b> the Blood Stream Tins usualJj occurs late m 
carcinoma, although there are exceptions The lateness is partl> due to 
the fact that in carcinoma the blo^ vessels are well developed and are 
not easily invaded bv tumour cells, and partlj to the fact tint 
carcinoma cells which have reached the blood stream and lia^ e been 
deported to distant sites do not necessanlj survive Schmidt has 
shown that the lungs maj conlam inan> cancerous emboh, which have 
failed to engraft, and instead lie busied in fibrous capsules inside 
occluded blo^ vessels 

Blood borne metastases show a remarkable afiinitj for certam organs 
or tissues The lungs, liver, bram and bones are commonly affected, 
whereas the muscles, heart and spleen are almost exempt Some 
tumours commonli give rise to metastases in the hver and lungs , 
others e g , tumours of the breast, the kidnej and the prostate, often 
metastasize to bones These facts clearly indicate that the tissues 
differ in their susceptibihty to cancerous invasion 

ilahgnant emboli from almost any part of the body are first arrested 
in the capillaries of either the liver or the lungs, and consequentl> the fust 
blood borne metastases are usuallj m these organs OccaswcitlK, 
howeier, metastases arise in other regions without the lungs or the 
liver being obviouslv uivolved According to Schmidt, malignant cells 
held up m the lungs, though unable to tona pulmonaiy metastases, mav 
proliferate along the pulmonary capQIanes and reach the venules, and 
so ma} escape mto the $} stemic circulation 

\ tumour of rapid growth, with unperfect vessel walls eg, & 
hvperncphioma or a bronchial carcinoma mav be the source of a 
‘ tumour embolus composed of a mass of malignant tissue sutficient 
to lead to infarction mlhio the part to which it is con%e\ed in the blood 
stream 

It has been suggested that caremoma xnaj spread bj reiersed blood 
flow within the reins adjacent to a tunaour, the result of blocking bj 
thrombosis or miasion of collateral channels (retrograde venous 
embolism) Such a process has been held responsible for the w idespre^d 
extension of carcinoma of the prostate to the spine pelvis etc , and 
for the extension of caremoma of the breast and lung to distant sites 

(4) Imp^ntahon of Free CeBs This mode of dissemination is seen 
most clearlj m the pentoncal cavitj Cells from a tumour of the 
stomacli, colon or other nscus maj be set free and engraft on other 
p'lrts of the peritoneum Theovariesatecommonlj mi olved m second 
arj growths bj this method {tee p, 709) Implantation of free cells is 
believed to plaj a part in the spread of tumours in the renal pell is, 
the ureter and the bladder A papillotna of the bladder commonly gives 
rise to companion growths m this wa>, and a papiUoma of the renal 
pell IS may lead to secondary masses jn both the ureter and the 
bladder 

Another instance of implantation of free malignant cells is that 
which occurs at operation It is especially apt to result from incision 
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of a tumour, as at biopsy, but it may occur ^vliene\er incomplete 
removal is carried out There is no doubt that malignant cells are set 
free in a considerable proportion of mcomplete operations, but actual 
implantation and growth is comparatively uncommon “ Recurrence ” 
of carcinoma more often takes the form of a distant metastasis tlian of a 
secondary nodule at the site of operation 

INCIDENCE OF TUMOURS 

Age Incidence The varying age incidence of different tumours 
and of tumours m different regions is, of course, irell recognized A 
sarcoma usually arises in adolescence or m early adult life, caremomata 
at a later age, though to this generalization there are many exceptions 
The tendency to carcinoma becomes evident after the age of forty 
years and increases with adv ancing years , it is greatest m old age, but 
owing to the lower figures of total population m later decades most 
cases of cancer occur before the age of sixty y cars Tumours in different 
sites show astonishing age variations adrenal neurocytoma occurs 
characteristically in infancy, cerebellar glioma m childhood, bone 
sarcoma between the ages of fifteen and tw enty five y cars, post cricoid 
cancer m the thirties, cancer of the prostate m old age , and tlie list 
could be multiplied time and again In many cases as iii tumours of 
such organs as the breast, prostate and ovary , the reason is possibly to 
be found m the cy clcs of functional activ ity of the part , in other cases 
no explanation is yet apparent 

S6s: inadence There are some noteworthy features concerning 
the sex incidence of tumours Cancer of the breast and uterus have, of 
course, no counterpart in males, and for the greater part are related to 
the sexual functions or malfunctions of these organs, but the sex 
incidence of tumours varies in other parts of the body not connected 
with reproduction Such sex divergences are common in the upper 
alimentary tract Post cricoid cancer is found in women-compara- 
tively young women — m 90% of cases Cancer of the lower part of the 
oesophagus occurs principally m middle aged or elderly men, as does 
cancer of the stomach In some regions the sex incidence can be 
explained by the habits of one sex or the other, as m most occupational 
cancers, and in cancers of the oral cavity.which are sometimes associated 
with pipe-smoking and with syphilis , but in other regions no pre* 
disposing factors can be found 

There are some interesting statistical features in relation to cancer 
of the breast, the uterus and the ov ary Cancer of the neck of the uterus 
usually occurs in parous women, but, as Deelman and others have 
shown, it is little more common m raultiparsE than unipars It would 
seem that the first confinement alone is responsible for tlie susceptibility 
to malignant change, and there is much evidence to show that the 
most important of tliese factors are laceration of the cervix during 
delivery and resulting cervical catarrh 

Cancers of the breast and the ovary, on the other hand, are common 
m nuUiparous women Possibly this is because they depend on some 
malfunction arising from lack of full physiological stimuli 
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Raaal Incidence The racial inadencc of cancer has not >et been 
investigated upon a statistical basis suCBcjently complete for definite 
conclusions, but there is at least evidence that cancer is Inown through 
out the world and is common m e\ cry race From time to time cancer 
IS attributed to the influence of civilization, to desertion of the “ natural 
modeof life,” and even to specifichabitsthouglitto be limited to civilized 
peoples but, in general, each of these Mews is without scientific cor- 
roboration 

Curious diHerences do exist, howescr, in the racial incidence of 
certain forms of cancer Tins has been most clearly established for 
Holland and Great Britain It is found that in Holland the incidence of 
cancer of the breast is much lower than in Great Britain, but as though 
to compensate for this tlie Dutch women are more liable to growtlis m 
the alimentary tract Statisticians are at o loss to account for these 
dnergences in the absence of such factors as \ariations in diagnostic 
efiicieney or differences in methods of compilation As Greeniiood 
points out, It mil be interesting to note if similar differences obtain in 
1 anous nationals living under comparable conditions m such a country 
as the United Stales of America 

ALLEGED INCREASE OF CANCER 

It is undisputed that m most countries during the past half century 
there has been a great increase in the recorded number of deaths from 
cancer, but m spite of this there is no complete proof that cincer has 
increased Tliere are obvious fallacies in drawing conclusions from the 
simple death rate, and of these the most important is that whicli arises 
from the agemg of the population due to improvements in public health 
and mthe treatment of other diseases The general population contains 
a far larger proportion of persons oi-er forty years of age than it did 
a few decades ago, and the frequencj of cancer is correspondingly 
greater 

In addition, there have been great improvements in the diagnosis 
and the recognition of cancer Radiographj, cystoscopy, and other 
diagnostic methods together with a readier recourse to exploratory 
operation hare revealed many unsuspected new growths , and routine 
microscopic examination has shown that many apparently simple 
lesions e g , m the prostate or ovary , ate actually neoplastic 

If allowance is made for ageing of the population it is found that 
the greater part of the alleged increase of cancer is referable to growths 
in inaccessible regions, whereas cancer of tlie shin, the mouth, and the 
neck of the uterus show little increase For these and other reasons 
the balance of informed opinion inclines to the view that cancer 
in general lias siifferwl no disproportionate increase Exceptions, are, 
Iiowcicr, to be found m isolated types of cancer Dunlop lias shown 
that in Scotland there has been an absolute increase in the death rate 
from cancer of the breast, and smee in death from this disease the 
cause can liardly fail to be recognized the incidence cannot be attributed 
to better diagnosis Certain occupational cancers are undoubtedly on 
the increase, but tins is in most cases clearh attributable to industrial 
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conditions {^see p 71) It is almost certain that cancer of the lung va 
more common now than formerly, but the cause is unknon n {see p 347) 

HEREDITY AND CANCER 

Tins IS one of the most controversial subjects in the nhole field of 
cancer, and medical opinion on it is diverse and e\en contradictory. 
General statistics based on dcatlis from coucer are almost valueless, 
for quite apart from the inaccuracies of death certification the human, 
stock IS so mixed that satisfactory evidence ("or or against an hereditary 
basis nould require full pedigrees, complete with medical histones, 
dating back for manj generations 

Jlost physicians of long cxpcncnce mu?t have mfct With families 
nilh apparently a strong disposition to cancer, and medical literature 
contains many such records One of the most famous is that described 
by Broca, m whicli sixteen members of a family of twenty six died 
from cancer of the breast, h\er or uterus, and Warthin has related 
equally striking examples On the other hand, it is pointed out that 
even such remarkable figures may be explained on a basis of com 
cidence, for cancer is so common m man— m Great Bntam it kills fully 
10% of those who reach the age of thirty five— that any statistical 
evidence to be significant must deal willi vefy large senes of cases 

In the experimental laboratory, howevcf» these statistical fallacies 
may be eliminated, for with such a fertile, short lived, and conveniently 
small animal as the mouse it is possible to observe immense numbers 
of mdividuals whose pedigrees are known for many generations, 
and, moreov er, by selectiv e breeding the ped*87ces may be so controlled 
as to eliminate many of the vanables that confuse the issue m man^ 
In this field the work of JIaud Slye stands unparalleled m magnitude 
and result Many thousands of mice liave be®" bred under strict condi- 
tions of matmg, and every mouse lias been subjected to detailed post 
mortem exammation In the first 30,000 autopsies there were 4,000 
primary spontaneous tumours Mammary carcinoma was by far 
the most common, but tumours of the lung and liver were not 
infrequent and there were many other type® of simple and malignant 
growth 

By selective breeding, Slye has produced remarkable results, for by 
the continued inbreeding of mice of cancerbearmg ancestry, she has 
produced strains of which every individual nttainmg maturity dies of 
cancer, and by mbreeding cancer free mice she has produced strams 
that appear completely immune to cancer She has, moreover, shown 
that the tendency to tumours of specific type or in specific organs is also 
hereditary. Some strams of mouse were liable to adenoma, others to 
carcinoma or to sarcoma , some were liable to tumours of the liver, 
others to tumours of the lung or of the breast From these and other 
experiments, Slye concluded that the tendency to cancer is hereditary, 
that cancer behaves as a unit character and that it is inherited as a 
Mendehan recessive 

All Slye’s conclusions are not accepted by other geneticists, 
particularly m regard to the 'Mendehan reliitionship some regard it 
■. riTa 
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as dominant, olheis as otvmg muHipTe factois — ^but there seems no 
doubt about the caam thesis, the hereditary factor in cancer It is not 
true to saj that cancer itself is inheritable, but there is some hereditary 
disposition or diathesis wluch readily leads to cancer Cochajme has 
recently re\newed Sly e’s ivorh. brom this aspect He concludes that the 
mcidwicc of Sh e’s tumours depends upon some growth disorder such 
as adenomatosis, which is common in the three situations especially 
liable to cancer, namely, the lung, liver and breast. In the first two 
structures this factor probably behaves as a Slendehan recessis e, m the 
last as a dominant Coekaynealso cites interesting examples m man of 
cancers dependent upon smular hereditarx predispositions An out 
standing example is cancer of the colon, which often shows a remark 
able famihal incidence In some of these cases the cancer is related to 
the condition of polyposis of the colon, an hereditary disorder of cell 
growth which bel^ves as a Mendelian dominant Another example is 
neurofibromatosis, a Sfendelian dominant which sometimes leads to 
malignant change , and a third is the common pigmented mole, which 
may dispose to the formation of a mahgnant melanoma Many more 
suda hereditary predisposing factors will no doubt be defined by further 
studies in genetics 

TRAhSPLAhTABLE TUMOURS IN ANIMALS 

Mlien Jensen m 1903 published the results of hts work on the pro* 
pagation of mouse tumours he set the comer stone for a s ast edifice 
of esperunental tumour research, the results of which cannot fail to be 
of immense s alue m the general attack on the cancer problem 

Jensen’s mouse tumour was a carcinoma, which occurred spon* 
taneously in an elderly white mouse B\ following the technique of 
prenous workers he was able to transplant the tumour into other mice, 
and smee then it has been transferred by graft mg to rmlhons more mice in 
laboratories throughout the world At first the tumour onl\ ” took ” 
m a small percentage of experiments, and principally in mice of the 
same breed , German mice, London once, and wild mice of any origin 
were more resistant In the course of tune, however, the tumour 
adapted itself to these new hosts and cientually grew equally well in 
an% \ariety of mice 

Jensen’s work stimulated great interest m the study of animal 
tumours Contrary to gwreraf behef at that time, tt was fbond that 
cancer is not exclusively a human disease, but occurs widely in many 
1 erlebratcs, md in amphibians, birds and fishes as well as mammals 
It is particularly common in mice, and smee they ate convenient 
animals for laboratory studi their tumours have been investigated most 
thoroughly 

It ivns soon found that tumour propagation is qmte different from 
the transmission of any other disease A tumour can only be propagated 
(except in the case of certain chicken growths which may not be stnclh 
comparable) by the inoculation of Inmg tumour cells, and all kinds of 
cell free extract or culture are innocuous ^loreover, tumour propaga 
tion IS mete grafting The new tumour cells are derived from the 
original host only, and each later host merel\ acts as a sort of lising 



EXPERIMENTAL PRODUCTION OF CANCER 


67 


culture medium whose function is to supply nourishment, ^\hen a 
carcinoma is transplanted its epithdial cells, or a small proportion of 
them, sur\ ire and proliferate, and they exact from their new environ- 
ment a stroma with supporting tissue and blood \essels. Onij \ery 
rarely do the cells of the new host become in turn malignant. 

One of the most striking facts that has emerged from these studies 
IS that in spite of the T\jde zoological distribution of cancer, and m spite 
of the great similarity of manj gro\rths in different kinds of animal, 
the transmissibihtj of cancer has \erj strict limitations in regard to 
species A mouse tumour cannot be propagated to rabbits, a Imman 
tumour ne\ er “ takes ” in the lower animals. It is true that heterologous 
transplants lm^ c succeeded m certain special situations, as in the brain 
of rats or of guinea pigs and m chicken cmbij os, but apart from these few 
instances tumours can only be grafted in \ erj closely related species 
Another remarkable feature is the waj m rshich a tumour runs true to 
tj-pe throughout its nliolc course. An adeno carcinoma remains an 
adeno caremoma, and the \ cr> appearance of the cells may remain 
unchanged, ns in the tumour described bj Cramer, m which for fifteen 
jears the cells retained their special property of storing glj cogen. 
These are almost unsurmountable obstacles to a simple parasitic theory 
of cancer, for thej would seem to postulate a separate stram of organism 
for each tj*pe of growth, as uell as separate strains for each animal 
species. 

Chicken Tumours. In recent \cars man> studies ha\e been made 
on certain chicken tumours The best known of these, chicken tumour 
No. 1, described by Peyton Rous m 1911, \yas a spmdie-cell fibro- 
sarcoma, but since then several other tj-pes, all of connective tissue 
origin, have been studied. The chief cliaracleristic of most of them is 
that thej may be transmitted from bird to bird bj means of cell free 
extracts as well as bj living cells In this respect they differ funda- 
mentally from all known mammalian tumours, and for this reason many 
pathologists will not class them as true tumours but rather as mfective 
granulomata resulting from unknown ultramicroscopic organisms. 

It has been shown recently, however, that chicken tumours produced 
by the injection of tar extracts, which are undoubtedly true neoplasms, 
are also transmissible by means of cell free filtrates. This would seem 
to indicate that filtrability is a chicken characteristic rather than a 
propertj possessed by the individual tumours, and it lends strong 
support to the view that experimental observations made upon chicken 
tumours may be applied to the problem of cancer in man. 

EXPERIMENTAL PRODUCTION OF CANCER 

It has already been related how, early m this centurj , the attention 
of experimental workers was turned to transplantable tumours in 
animals. Cancer research took another forward step with the discov erj 
by Fibiger m 1913 and by Yamagiwa and Ichikawa in 1915 that cancer 
could be produced expenmentallj m animals 

Fibiger’s brilliant study took ongm from the exammation of a 
spontaneous gastric caremoma m a rat. In microscopic sections of the 
tumour he discovered the remains of a nematode worm, which he 
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identified as a parasite found lO certain Taneties of Danish cockroadi 
Further investigation disclosed a source of infected cockroaches in a 
local sugar factory Fibiger then fed a number of rats on a diet of the 
cockroaches, and examined the stomachs of the rats at various intervals 
afterwards. In a short time after the start of the experiment tlie gastnc 
mucosa developed signs of mflammatorv reaction , this was followed bv 
papillomatous prohferation and later, sometimes within three months, 
bv actual cancer, which mvaded 
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adjacent tissues and gave nse to 
metastabc deposits >iematodes 
coifid be Itrani xn the "pnnnrrv 
gastric tumonr but not m the 
metastases a significant observa 
Uon which mdicates that once 
the gastnc cells had acquired 
malignancv tbe\ contmued to 
proliferate in virtue of their own 
intrinsic energy 

Fihiger’s work naturallv 
aroused great enthusiasm for the 
parasitic conception of cancer, 
but with isolated cxceptjoos there 
has been no endeoce that other 
par»sites behave like that par 
ticnlar nematode, nor can that 
nematode produce cancer except 
m the rat 

ReceoUr, Passer and Leese 
have repeated Fibiger s expert 
menls but have failed to conOnn 
his findings, \ecordmg to these 
workers, Fibiger s results were 
due, in part at least, to the fact 
that the rats u>ed in his expen 
ments were kept on a diet \ery 
deficient in ntamins, a state 
which IS wdl known to produce 
papillomatous proliferation in the 
lining manbrane of the fore- 
stomach. 

The next method of evpen 
mental cancer production, 
discovered bv bamagiwa and 
Ichikawa, was of a different 
nature It consisted in subject 
iDg the skm surface to prolonged 
and repeated apphcation of coal 
tar Rabbits were first used for 


this purpose, and the tar was applied to the delicate skin on the dorsum 


of the ear Later it was found that mice are mneh more susceptible. 
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and that other substances than coal tar, c g , paraffin and shale oils 
ha\e similar effects 

^\hen mice are painted twice or tlirice ucekli they develop first a 
thickening of the epidermis with warty or papillomatous growths, and 
these are later followed by the formation of a carcinoma, which invades, 
ulcerates and produces metastases In most cases the carcinoma 
appears after about six months, but occasionally in as short a time as 
three months or in some cases only after an inten nl of eighteen months 
If the tarring is carried out less frequently the tumour takes longer to 
appear, and the percentage of successful results is smaller It is interest* 
mg to note that the growth may appear long after tarring has been 
abandoned, and m rare cases it has followed, after many months, when 
only a single application of tar has been made PI 15 sical injury to the 
tarred skin, such as may be obtained by scarification, shortens the 
period of induction 

Howcaer extensile the surface tarred, only a single carcinoma 
deaelops, and avhen this happens any neighbouring warty growths 
disappear This phenomenon is sometimes seen in various forms of 
paratlin cancer in man, and it suggests that possibly the presence of 
the malignant tissue induces retrogressive changes in neighbouring 
simple tumours, or more active defensive processes in the surrounding 
connects e tissues 

Manv attempts have been made to isolate the actual carcinogenic 
substances present in coal tar, and this has recently been achieved by 
K^nnaway, Cook, Hieger and their associates It was found several 
j ears ago that the octive substances arc present m largest amount in 
high temperature distillates of coal tar, and later it was noted that 
such distillates possess a characteristic fluorescence spectrum Synthetic 
substances with similar spectra were then tested by applying them to 
mice Amongst the substances tested was the chemical compound 
1 2 5 G dibenzanthraccne, which had been newly synthetized by a 
firm of manufacturing chemists, and this was found to be actively 
carcinogenic During the last few years a number of products allied 
to dibenzanthracene have been obtained, both by synthesis and by 
extraction from coal tar {see also p 75) 

PRECANCEROUS STATES IN MAN 

It IS now recognized that in a certam proportion of cases malignant 
tumours m man arise upon a basis of some clironic lesion of a simple 
nature Trom some long continued irritativ e process the tissues undergo 
preludial changes of a proliferative nature which ev entually culminate 
m cancer It is hardly on exaggeration to state that study of these 
precancerous states constitutes one of the most fruitful avenues for 
cancer research and one in which there is prospect of fresh advances 

It has long been known that certam tumours arise on the basis of 
congenital and inherited abnormaittus Slslignant growths may take 
origin, for example, in ectopic testes, m pigmented warts, in 
ueurofibromatosis and other congenital lesions , the mtensely malignant 
ghoma of the retina occurs as a familial disorder , whilst carcinoma of 
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the large inlestuie arises not infrequently upon the basis of an inheritej 
lesion, polyposis coli 

■Simple tumours occasionalli become malignant, eg, fibromjoma of 
the uterus , though the great majont> of simple tumours are no more 
liable than are Tvormal tissues. 

Various forms of cAront'e tmta/um ^institute the last and in some 
respects the most important group of the precancerous conditions 
occmrmg m man 

Carcinoma arises as a result of innumerable forms of chronic 
irritation Carcinoma of Ibe skin commonly occurs on a basis of 
old ulcers, burns, lupus, and the like; carcinoma of the mouth 
or the lip commotiK 
follows leukoplakia, or 
hjperplasia resulting 
from irregular teeth or 
the use of a clay pipe ; 
carcinoma of the penis 
occurs when there is 
irritation from smegma 
retained behmd a tight 
foreshjs — it is con- 
sequent!} almost un* 
known m Jews; car- 
cinoma of the stomach 
mas arise at the edge of 
an old ulcer; carcmoma 
of the gallbladder may 
follow gall-stones. 
Lastly there are the 
tumours known as occu- 
pational caueeis, which 
Will be described 
Separately below. 

The telatiouship of 
these forms of chronic 
irritation to cancer wDl 
be discussed on a later 
page. It is sufficient 
here to note tbeir great 
diTcrsitj of character. 
Some are ph}'Sical agencies, others chemical, and others agam result 
from infection or mfestation This dirersit} would, at first glance, 
seem to indicate that there is no specific actint} involved, and it is 
generall\ believed that the imtants do not actuall} cause cancer, 
but merelv prepare the tissues for its origin. It is noteworthy 
that mabgnanc} rarel} develops unle^ the irritant has been effectn e 
during a considerable tune, or has been frequently repeated, and 
that it ma} develop several jears ofrer the cause of irritation 
been removed The general view is that the effect of the chronic imla- 
tion IS to interfere with cell nutrition, perhaps as a result of Ij-mpU 
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stasis, and thus to render the cells more liable to undergo malignant 
proliferation. 

OCCUPATIONAL CANCERS 

Owing principally to modem scientific and industrial developments 
the number of occupational cancers is now considerable, and there is 
little doubt that it u ill increase in the future. There ore a few tumours 
in this class, however, that date from long before the industrial era. 
Chimney-sweeps’ cancer of the scrotum, resulting from the prolonged 
action of coal-tar products present in soot, is one of these. Another is 
the khangri cancer so common in Kashmir. The khangri is an earthen- 
ware jar contained in a basket and filled with burning charcoal, which 
the Kashmiri carries for warmth under the clothes in close contact with 
the abdomen, and it frequently causes burns which heal with much 
cicatrization. The scars very often become the site of development of a 
carcinoma. 

The irradiation cancer {see p. 106), which has taken its melancholy 
toll of so many of the pioneers of radiography, is a familiar example of 



Fio. S3. Shale oil cancer. A squamous-cell carcinoma, m a man aged 
lifty-five years, who had worked in n pamflln rcHnery during twelve 
years. A warty dermatitts had been present for several > ears, and the 
carcinoma developed in one of the wrts. 

an occupational cancer, and there are too the carcinoma of parafiin 
refiners and mule spinners, the bladder tumours of aniline dye workers, 
the pulmonary tumours of certain cobalt miners, and several others less 
well known. 

Occupational cancers vary greatly in frequency, incidence, and 
clinical course, but practically all have these features in common : 
(!) the growth arises in men exposed for a period of years to the par- 
ticular carcinogenic agent ; (2) in the great majority of cases the 
growth IS preceded by some precancerous condition, such as various 
forms of dermatosis ; (8) the growth may begin many years after the 
worker has changed his occupation ; (4) growths occur only in a small 
proportion of exposed persons, depending presumably on some 
idiosyncrasy. 

Shale Oil Cancer. This form of cancer, though rare, is of interest 
owing to its relation to a particular industry. The tumour is almost 
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limited to the West Lothian district of Scotland, iihere it affects 
those engaged m the refining of shale oil (paraffin) It is a carcinomn 
and occurs pnncipallj on those parts of the bodj exposed to prolonged 
contact with t!ie oil , in half the cases it occurs on the scrotum, in 
30% on the upper estremities, and m the remainder chiefly on the face 
Usuallj the tumour appears m men who haic served during ten to 
fortj years in the refineries, and it is uncommon in those of shorter 
service It often occurs many years after retirement from work 

Scott showed tliat in most cases it occurs in men actually engaged 
m the refining process, and consequentlv m regular contact with hot 
oil The cancer de\ elops on a papular eruption or on a wart associated 
with a dermatosis such as frequently affects these workers In other 
cases, however, the tumour arises in labourers who are little exposed to 
the oil, and m them it is not preceded by an obvious dermatosis 
Presumably m such cases tliere is an idiosymcrasy 

Mule Spinners’ Cancer This is another form of paraffin carcinoma 
It occurred m the “ mule ” spinners of Lancashire cotton nulls, and 
did not appear to be known m cotton spinning districts in other 
countries ilie “ mule ” required constant lubrication, and much of the 
oil rras spray ed off the machine, especially at about tlie hip lev el The 
men were thinly clad on account of the high temperature at which mule- 
spinning wss carried on, and their clothes became saturated with oil 
The cancer affected the scrotum, neck and arms It usually occurred in 
spinners of twenty to forty years’ service, and was often preceded by 
wart formation 

It » interesting to note that luuk-^mners' cancer showed a rapid 
increase in Lancashire during the early part of this century This 
is believed to be related to the fact that the period 1850 to 1875 saw 
a gradual transition from the use of ammal (non-cnrcuiogenic) oils 
to mineral oils derived from shale or petroleum. Only after the latent 
period of forty to sixty years did the effect of this change become 
manifest — a disturbing observation when considered m regard to the 
possible effect, many decades hence, of the modem pervasion of other 
petrolates 


THE ORIGIN OF TUMOURS 

No problem in the whole of pathology has evoked such a plethora 
of writings that “darken counsel by words without knowledge,” 
of e.vplanatioDs that do not explain, and of theories that are insufficient ly 
comprehensive Few subjects offer greater perplexity and confusion 
to the inquiring student , and few are more difficult to present within 
unavoidably narrow lumtatioa of space 

To understand the principal theories held in regard to the origin of 
tumours, and to appreciate the siguficance of recent experimental 
findings we must consider some of the fundamental features of tumour 
growth In particular we must examine the behaviour of the tumour 
cell and discover in what respects it differs from normal cells 

Tbe Biology of the Tumour CelL It is a characteristic of nearly all 
tumours that their cells resemble more or less closely the cells of the 
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tissue from «hich they arc demed, and this similarity of appearance 
holds good for the primary growth and for nnj metastatic growths that 
maj de\elop 

In spite of this morphological resemblance, it has until recently been 
the general opinion that tumour cells must differ from normal cells in 
some fundamental respect, m virtue of which thej are endowed with a 
limitless capacity for proliferation 

Many attempts ha\ e been made to diseo\ er wherein this difference 
lies, and to demonstrate m tumour cells a peculiar feature either of 
internal structure or of metabolism It was claimed, for example, that 
tumour cells differ from normal cells in the number of their cliromosomes, 
and when this was shoim to be erroneous it was suggested that they 
differ m the character and disposition of the chromosome constituents, 
the genes 

On the chemical side, the work of Warburg has furnished many 
interesting observations It has long been recognized that cells, like 
bacteria, ma> be aerobic or anaerobic Aerobic cells require oxjgen for 
their nutrition, and derne their energy from the combustion of carbo 
hjdratcs to carbon dioxide and water, anaerobic cells can li\e in the 
absence of oxjgen bj the fermentation of carbohj drates to lactic acid 
(anaerobic gljcoljsis) Now Warburg has shoun that vhereas the great 
majontj of normal cells require oxjgen, malignant cells subsist pnnci 
pall) bj anaerobic gljcolj'sis, e\en though oxjgen be available Accord 
mg to \\ atburg, this propettj is an essential characteristic of malignant 
cells, and enables them to proliferate in circumstances inhibitory to 
normal cell gron th Even m tins respect, however, malignant cells only 
differ from normal cells m degree, not m kind, for it has been shown that 
certain normal cells, for example those of the retina, possess glycolj^ic 
faculties equal to those of malignant cells, and to a smaller extent manj 
other normal cells are similarly endowed, especially when actisely 
growing 

During recent jears most authorities base come to believe that 
tumour cells do not, in fact, differ in any fundamental respect from 
normal cells, and that their capability for limitless growth is not due 
to a special biological property but rather to freedom from restraint 

Nicholson, in a series of \aluable papers, has lent the full weight of 
his authority to the ^ lew of the fundamental similarity of normal and 
malignant cells He points out that tumour cells do not differ m 
essentials of structure or of growth from the cells of normal tissues, and 
that many simple tumours approach sery closely m appearance to 
developmental malformations A continuous gradation may be 
recognized for example, from uniovular twins at the one extreme 
through parasitic foetuses, teratomata and mixed tumours to the most 
highly malignant neoplasms In his opinion, tumour formation is 
simply the expression of one of the phj*siological potencies of every 
living cell 

It IS often stated that tumour cdb are peculiar in their property of 
Unlimited proliferation It has beai shown, however, by tissue culture 
experiments that this property is possessed also by many normal cells, 
provided that they are suitably nourished. Carrel, for example has 
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succeeded in propagatujg normal fibroblasts upon artificial media for 
as long as twelve years, and other normal cells have been maintained in 
active proliferation for shorter periods 

Thus an inborn piopensitj for bmitless groirth is a characteristic 
feature of many, if not all cells ^onnallv their growth is restricted 
and controlled, so that the cells proliferate onlj to the extent necessary 
to meet the needs of the oigamsm as a whole In tumours, on the other 
hand cell prohferation is unrestrained. 

Older Theories upon the Origin of TUmours Upon the obsemition 
that cancer sometimes develops at the site of congenital abnormalities, 
Durante advanced the new, later to be supported bj Cohnheun, that 
tumours do not arise in normaUi placed tissues but in aberrant ** cell 
rests It was postulated that in tbecourseof fmtal life certain groups of 
cells failed to develop normallj but persisted as “ rests,” which either 
remained embedded in their proper environment or were misplaced 
m other parts of the bodi, and it was believed that these “rests” 
retamed special powers of growth whidi enabled them, after long periods 
of latenci to proliferate and form tumours. It is well known that 
portions of the adrenal and parathyroid glands and of the pancreas 
Were often so displaced and it was supposed that similar malformations 
occurred m relation to other organs and other tissues 

Ribbert accepted the general principles of Colmheim’s theory, but 
extended it to include also acquired epithelial displacements such os 
may occur from overgrowth and fibrosis around any chronic infbnuna 
tors process In Ribbert’s new, islets of epithelial cells cut off from 
their normal relationships became released from physiological control 
and thus attained autonomy 

These and collateral theories held the field for a long time, but it is 
now recogniaed that they fail to explain many of the known facts 
of cancer and are totally madequate except perhaps for a small pro- 
pOTtion of tumours Tar cancer cannot arise in “ cell rests,” unless 
thc^ be ubiquitous , Ribbert s tfieory cannot be applied to sarcoma 
Sloreover, it is verv doubtful if such “rests ” as arc known to occur 
are any more liable to neoplastic change than normal tissues The time 
honoured example is the development of hvpernephroma in adrenal rests 
in the kidney , but even this is now unacceptable, for most histologists 
bdieve the hypernephroma is of renal not adrenal, derivation 

The Parasitic Theory of Cancer Alany attempts have been made 
to demonsfrafe an organism as the cause of cancer, and there are 
few tvpes of organism that have not from time to tune been incriminated, 
but with the exception of I^iger $ nematode and one or two other 
parasites known to be related to specific forms of tumours none Las 
stood the test of confirmatory experiment and none has received 
general acceptance llany alleged parasites are now regarded os 
cell mclusions of various sorts, and others are generally looked upon os 
contaminants 

The parasitic theory has obvious attractions, but there are almost 
insurmountable obstacles to its acceptance, end all experienced patho* 
legists are agreed that it is not consistent with the known facts The 
greatest difficulty is to account for the narrow species limitation and 
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at the same time the wide zoological distribution of cancer If cancer is 
caused by a single uni\ ersal parasite, why cannot the disease be pro 
pagated from one species to another ? 

To overcome this difficulty Gye has reccntl> formulated an ingenious 
hj'pothcsis, which inv oked a second, specific factor as well as a universal 
parasite Gje’s work was earned out principally upon the Rous 
chicken tumour, a peculiar form of sarcoma which differs from all 
mammalian grovv’ths m being propagable from chick to chick by means 
of filtered, cell free extracts By centrifuge and by other methods 
Gje was able to separate such extracts into two moieties, which were 
innocuous alone but potent when muced These portions he believed 
to contain respectivelj the parasite and the second factor As a 
result of these and other experiments Gye came to the conclusion 
that the parasite is present m alt tumours, and is of the nature of an 
ultra microscopic, filter passing virus The second factor, which is 
thermo labile and usually known as the “ chemical factor,” is specific 
for each speciea and for each type of tumour 

Ingenious though the hypoUvesis is, it has not proved acceptable, 
and his experimental results at present lack confirmation 

Recent Work on Carcmogcmc Agents During recent years, the 
most notable progress in cancer research has been upon the relationship 
of cancer to various forms of so called chronic irritation, and particularly 
upon the characteristics of various agents capable of producing cancer 
experimentally. 

In a previous section (p 67) attention has been directed to the 
number and variety of the diseases that may be regarded as pre 
cancerous It has been shown that cancer occurs os a sequel to many 
chronic inflammatory processes (burns, ulcers, lupus, cholecystitis, etc ) 
or as a result of such diverse agencies as X rays, soot, various paraffin 
products, arsenates and aoilme dyes It has, moreover, been related 
how cancer can be produced experimentally in animals by certain 
parasites or by coal tar products and other chemical substances 
Thus It IS apparent that the precancerous lesions are of widely differing 
character, some phj'sical m nature, others chemical, and others again 
resulting from chrome infection or infestation In view of their diversity 
of character, it is difficult to suppose that these agencies initiate the 
process of cancer m virtue of any single common factor, and most 
authorities hold the v lew that they do not actually cause the malignant 
change but rather prepare the tissues for its development 

Experimental investigation of the carcinogenic constituents of coal 
tar has recently yielded information that may well prove to be of the 
utmost importance m regard to the origin of tumours Ever smee the 
early experiments of Yamagiwa and Ichikawa {see p. 67), attempts 
have been made to isolate the active substances present m the tar, and 
this has at last been achieved by Kennaway and his associates at the 
Cancer Hospital, London The active substances have not only been 
isolated m a pure state, but have been prepared synthetically 

^Vhen the coal tar products were first mvestigated it was found that 
the carcinogenic activity was greatest m high temperature distillates of 
the tar Later it was found that th«e active distillates differ from the 
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mactire fractions in possessing a characteristic fluorescence spectrum 
■whose intensitj % anes more or les in proportion to tJie potencj of the 
preparation Attention ivas then dir«:ted to sj-nthetic chemical 
substances known to exhibit a similar spectrum, and some of these also 
proved to has e cancer producing propc^es 

The most remarkable feature is that these substances are all closely 
similar in chemical composition Thej are h) drocarbons, and each has 
a molecule containing four or five carbon tings arranged in a condensed 
formation The majoritj are related to 1 2 benzanthracene, a substance 
which itself has hard!) anj cancer produemg activity The most 
potent of them j et discovered are 1 2 5 6 benzantliracene and 
1 2 benzpjvene 

Thus m this particular senes of cancer producing agents earemo 
genesis appears to be linked up with a special type of molecular structure 
It IS interesting to note that a somewhat similar structure is found in 
several substances noimall) present in the body, for example ecstrin 
and sterols such as cholesterol and the bile salts and possibly the male 
hormone and vitamin D It has been suggested tliat these substances 
mat, under the influence of chronic inflammatorj processes, X rajs or 
other agencies, undergo alterations of molecular structure and assume 
carcinogenie properties 

The coniersion of one of these normal bodj fluids into a carcinogenic 
substance has alreadj been achieved Bj tn iitro experiments the btle 
acid deoxj cholic acid has been concerted into the intermediate product 
debjdronorcholene and then b> dehjdrogenation into methjlchol 
anthrene, which is acti\elj cascuiogemc ■when applied to the skin of 
mice On general chemical grounds, howeier, it is doubtful if sucli a 
process can take place withm the human bodj 

From the foregoing, jt ■will be seen that our knowledge of the agents 
responsible for tar cancer has extended rapidlj within recent jears 
It would clearlj be dangerous to applj the findings m one pirticulaf 
tj^pe of cancer to the origin of mabgnant disease as a whole but, 
nevertheless, the success gamed m this limited field vrarrants the 
belief tliat in time the solution of the greater problem will in turn be 
achieved 


CLASSIFICATION OF TUMOURS 

In the present state of our knowledge no classification of tumours 
IS hejond criticism, nor is anj likely to be so until the tEtiolog% of 
tumour formation is more clearlv understood 

Tumours maj be classified in either of two principal wajs 
(1) on a histological basis, accorduig to the type of cell or tissue 
of which the tumour is composed, and ( 2 ) on a histogenetic basis, 
according to the prunitiie cell layer from which the tissue is thought 
to be dem cd ^ 

There are so many mtcnnediate and mixed tj'pes of tumour, and 
so manj tumours of unknown or disputed origin, that an^ classification 
has patent disadvantages For the sake of simplicitj the following 
arrangement will be adopted • — 
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( 1 ) Non-malignant Tumours of Connective Tissue Origin. 

Fibroma 

Xanthoma 

Lipoma 

Myxoma 

Chondroma 

Osteoma 

Myoma 

Glomangioma 

(2) Mabgnant Tumours of Connective Tissue Origin. 

Sarcoma 

(3) Non-malignant Epithelial Tumours. 

Papilloma 

Adenoma 

(4) Malignant Epithelial Tumours. 

Carcinoma 

(5) Teratoma and other Mixed Tumours 

(6) Tumours Derived from Nerve Tissue 

Glioma 

Neurinoma 

Ganglioneuroma 

Paraganglioma 

Glomangioma 

Argentq^noma 

(7) Tumours Derived from Endothebum 

Endothelioma 

Hamangioma 

Lymphangioma 

(8) Melanoma 

(0) Chonon Epitheboma 

In addition to these, there are a number of rare, obscure or indeter 
mmate tumours which in the light of our present knowledge defy 
accurate classification Such tumours as the giant cell tumour of bone, 
chordoma, and odontoma belong to this group 

FIBROMA 

Simple fibrous tissue tumours are widely distributed and are 
very common Many of them, although termed fibroma, are actually 
of a more complex nature, A fibroma m the breast, for example, 
generally contains glandular acini, and m the present state of our know 
ledge IS more accurately termed fibro adenoma 

A fibroma may arise from any of the fibrous tissues of the bodj , 
such as fascial planes, intermuscular septa, and submucous lajers or 
from the connective tissue stroma of sudi organs as the breast, kidney, 
and ovary They are very liable to cjstic degeneration 

The common tumours ansmg from nerve sheaths were formerly 
regarded as fibromata They are now believed to be of neural origin 
and are classified as neurmoma (p 814) 

A fibroma \’aries in structure and appearance, according to its 
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cellulatitj and rate of growth, and it is customan to recognize 
two principal forms, hard fibroma and soft fibroma Tliese do not 
represent distinct types, however, and intermediate i-aneties may occur 
A hard JibrOTTia is usuallj small and of slow growth It is of tough 
consistencj, and when cut across it imparts a creaking sensation like 
cartilage The cut surface is of grej colour and is traversed bj glistening 
bands of fibres 'tlicroscopicsBj , such a tumour is composed of fibrous 
tissue of ndidt tj"pc, irregularlj arranged in broad columns which pass 
m all directions Cells are comparaliielj scanty, and there is a con 
sidcrable proportion of collagen, often m a state of hj alme degeneration 
Sometimes the cells have a somewhat whorled arrangement A sojl 
fibroma tends to grow more rapidly and to attain somewhat larger size 
Microscopicallj, it is more cellular and with scantj fibrillar material 
Some soft fibromata ate so cellular as to resemble sarcoma A rectirrmg 
fibroma takes an intennediate position between a simple growth and 
a sarcoma At first it is of a simple tj'pe and grows slowlj, but 
after operation recurs repeatedly as if locally malignant and e\ entuall} 
may assume sarcomatous characters The desmoid tumour ” of the 
abdominal wall, the “recurring fibroid of Paget,” is of this tj^pe 
{teep 216 ) 

Keloid Under the title ottruelelmd (as clistmct from the common 
keloid of Ahbert) Addison described a rare disease of the skin and 
subcutaneous areolar tissues This remarkable disease arises sponta* 
neouslj and is indicated first b> a small oval white opacity or morpbesa 
tn the skin A zone of redness surrounds the patch, which later exiubits 
yellow or brown motthng Following the development of new fibrous 
tissue, the surrounding skm becomes hard and rigid and processes of 
scar tissue extend for a considerable distance in the subcutaneous 
tissue Finabj the affected part, frequentJj an extremit>, becomes 
hide bound and the seat of contractures The skm, which maj be 
excoriated is puckered and nodular with a yellowish pink colour, giiing 
it a resemblance to an ertensne unperfectl> cicatrised bum The 
disease is progressne during many years and may implicate large areas 
of the body and limbs, and be associated with great pain and irritation 
Tins variety of keloid is probably identical with scleroderma 

The surgeon is more familiar wiUi keloid as a condition of exccssi\e 
oi ergrowth of a scar, which results in firm, irregular, claw like masses 
of fibrous tissue projecting abo\e the surroundmg skm The lesions 
ma% he single or multiple The common places of origin are the face, 
neck and ears, and the front of the thorax and abdomen 

The lesion may follow any Lind of injury, and it occurs in the 
scars of bums, tuberculous sinuses, vaccination marks, and healed skin 
diseases, as well as in those of surgical wounds Eien insignificant 
injuries such as insect bites and pm pneks have been tlie starling point 
of the disease 

A decided predisposition toove^iowth ofscar tissueandkeloid exists 
in some subjects Aegrocs exhibit this tendency more obviously than 
whiles and it is stated to be pronounced in tuberculous subjects 
Infection of the original wound is undoubtedly a common prcdisposmg 
factor, and it is the only known one of any significance 
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A. recently developed keloid lias the appearances of a redundant scar 
and has a slimy pink or reddish appearance Its surface may be smooth, 
rough or furrowed, and in some sites such as the lobe of the ear, it may 
be pendulous The margins of a keloid are not sharply defined and 
project irregularly into the subcutaneous tissues or even into the deep 
fascia and muscles 

Histologicallj , a keloid lias the structure of a soft fibroma, and is 
composed of dense bundles of fibrous and hj aline connective tissue with 
veil defined fibroblasts, uhich are disposed more or less parallel to the 
cutaneous surface The periphery is more cellular than the centre and 
shou s a round cell infiltration There are no hair follicles, sweat glands 
muscle fibres, or elastic tissue m the tumour, but newly formed blood 
and limph vessels are present The overlymg epidermis is thm and is 
often devoid of papillx 

A keloid shows no tendency to disappear spontaneously, and it 
tends to recur, especially if removed during its active period of growth 
Although it exhibits some of 
the characters of a malignant 
gron-th it never gives rise to 
metastases 

XANTHOMA (Xanthelasma) 

The term xanthoma is apphe<l 
to a group of yellowish brown 
growths of the skm which pre 
sent >ery diverse characters 
The tumours are situated most 
commonly in the eyelids {Xan 
Ihoma palpebrarum), where they 
may be single or multiple I>ess 
often they have a diffuse dis 
tribution throughout the cutane 
ous surfaces {Xanthoma mul 
iiphx) Barely they have been 
observed m the pharynx m the 
mediastmum, and m serous mem 
branes such as tendon sheaths 
Xanthoma sometimes occurs in 
association with diabetes {Xan 
Ihoma diabeticorum) 

Histologically a xanthoma shons the characteristics of a benign 
connective tissue tumour locabzed to the conum It is distinguished 
by the presence of numerous large rounded mononuclear cells, con 
taming droplets of cholesterol esters and of orange yellow lipoid material 
In ordmary fixing agents these droplets are dissolved, and therefore 
leave vacuoles in the cytoplasm, hence the name “ foam cells ” 

The origm of the characteristic “ foam cells ” is uncertain Some 
trace them to fixed cells of the connectii e tissue or to the endothelium 
of lymph or blood vessels, others to wandermg phagocytic cells Ewing 



lipoid>containing cells id the dermis and 
subcutaneous tissue 

{liQyat Collegl of rhytietan$ of Eiu>burjh ) 
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bclitvcd tliat man> xiinthomalons tumours of the sIjh are due to 
hpoid infiltration of cutaneous neurofibromas. 

Xanihoma palpebrarum maj affect either the upper or the lovrtr 
c\e]id and is often bilateral Tlie tmnouK, -which are of slow gro-wth, 
are usuaU\ flat and bean shaped and ha^ e a cannrj j ellovr or muddj 
brown colour Thcj are soft and are situated in the subepidermal hj er 
of the skin 

Xanthoma multiplex occurs particularly m young subjects and is 
sometimes congenital The lesion^ which resemble pigmented fibrous 
tumours, are spectallj common tn the neighbourhood of joints as ^vell ns 
on the face and truiik Thej maj be arranged in groups rvith a sjm 
metrical distribution 

A number of the subjects of this form of xanthoma subsequently 
develop diabetes and in many of the recorded cases jaundice has been 
present 

Probablj the most common predisposing cause of xantlionntous 
tumours is hjqiercliolesterol'emia, which Im been shown to be present 
m some cases This view is supported by the ohser\ation that the 
intracellular lipoid is a compound ester of cholesterol and fat, such as 
15 normally present m such organs as the ovary and suprarenal gland, 
and, in certain conditions of disease, m the gall bladder, spleen and 
blood vessels Such a metabolic predisposition would espbm the 
occurrence of xanthoma m diabetes and m jaundice, states often 
chamcterized bj an increase of the cholesterol content of the blood 

It IS interesting to note that xanthomatous tumours may be produced 
expenmentaUy m rabbits fed with large amounts of cholesterol and 
subsequently submitted to aseptic traumatization of the subcutaneous 
tissues The cholesterol is deposited from the blood and subsequently 
undergoes phagocytosis by large mononuclear cells, and these cells 
assume the characteristic “foamy ’ appearance 

Under the general heading Xanthomatosis we may include certain 
other diseases characterized by the accumulation of lipoid laden cells 
in ssnous organs or tissues Amongst these ore Gaucher's disease, a 
chronic familial affection occurring in children, especially females, and 
charaettnzed by great enlargement of the spleen due to the accumula 
tion of cerebrosides witbm its rcticulo-endothelial cells , the Aiemann 
Pick disease, a rapidly fatal disease of Jewish infants cliaracterized by 
enlargement of tlie spleen and Iner due to the accumulation of phos 
ijJjahvia sMAb. , soA Stbfttlfr Chnstiwi distiae, vn 'h\nrir« 

xanthomatous tumours occur in the bones especially of the skull 

Ln»0'IA 

A lipoma IS the commonest tumour of the subcutaneous tissue and 
may occur in almost any part of Uie body , although it shows a prcdilec 
tion for the regions of the shoulder, back, and buttocks I.ess commonly 
ft lipoma grows in an intermuscnW space, -under the periosteum, or in 
tlie submucous or subscrous layers of the alimentar\ canal It is a 
soft, well demarcated, moiable swelling whicli is \ery often lobulated 
Tlie OS erly mg skin is often loosely attached at one or more pomts to 
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tlic capsule of the tumour and is therefore obviously dimpled, or 
becomes so on pressure 

A lipoma appears m adult life and usually grows ^e^y slowly, and 
having attained a certain size remains stationary, but occasionally 
groAvth is rapid and the tumour maj attain a very large size W hen 
situated m the back it may, by gravitj , gradually alter its position In 
the region of the buttocks, the groin, and the perineum it often becomes 
pedunculated 

A lipoma IS usually composed of round fairly firm, >elIow masses 
or lobules It is surrounded by a hbrous capsule which is firmly 
connected w ith the surrounding tissues, but only loosely connected w ith 
the tumour Protrusions of the capsule pass between the lobules of 
the tumour and constitute its fibrous trabccul® 

A lipoma IS essentially a benign tumour, and sarcomatous change 



Fio 24 Lipoma removed from tlie ihigli of a man aged sixty three 
years 1 he lobulated character of the tumour is clearly seen 

IS exceedingly rare, although primary tumours of the nature of hpo 
saicoma ha\ e been described They occur mainly m the retroperitoneal 
tissues or subcutaneously m the shoulder region They mvade diffusely, 
and ina> be painful In most cases they are of low mahgnancy and 
responsive to irradiation therapy 

Some hpomata have an abundant and dense fibrous stroma and 
maj be appropriately called fibro-bpoma , others are excessn ely 
vascular — Juemangio Upoma , and Others agam present mj’xomatous, 
cartilaginous, and xanthomatous elements Oceasionallj a lipoma of 
long duration undergoes degenerative changes such as liquefaction, and 
calcification 

Multiple hpomata are not uncommon The indii idual tumours in 
this condition are seldom large, but they may be a ery numerous and 
scattered over the whole of the body surface, and as many as 2,000 
ha\e been present in one subject In some instances they may be 
symmetrically disposed, as m the forearm, where they are sometimes 
pamful and associated with motor, sensorj and trophic disturbances 
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A hpona (pseudo-kptKna) ususllv occuts m tie subcutaneous 

tbsues and intennuscalar tissues of the cecL of men, where it gires nse 
to a bnikv collar liLe swelljng H is not a true tumour but a locabied 
oTergiowth of the fat of th^ region, which m some cases can be attributed 
to chronic alcoholism Somewhat similar overgrowths mav occur in 
the hips and thighs, espcciaDv in women From their tendencv to give 
nse to severe these overgrowths havebetfi givm the name cdtpcsu 

ddoro^ 

Eicessrve deposits of fat mav occur in the supradavictilir region in 
mvscsdema, and in the genrtaj area m hvpopjtuitansm 

'lYXO'LA 

\ mvxoma is a soft tumour composed of translucent jells like 
tissue resembling the debcale meseccbvme of tb<* tnnbihcal cord 
iWhartoa s jeDv) 'licroscopieallv, it consists of branching stellate cells 
«et in a clear mucoid matrix- Such tumours anse usuaDi m relation to 
tendons, penosteem or jomts, or oecasionallN in the heart. Th*v are 
usnallv <mall, encapsuled growths, but sometimes attain large size 
A pure miioma is an ertremelv rare growth, bat tissue of the character 
just described is of fmjuent occurrence m other tumours, such as riasal 
poh'pLaehondroma,aueQ7odbToin3orsarcoma. In sucli circumstances 
It ES to be tegaeded as resulting from degenerative changes (mucoid or 
mesomatous degenerat'oa) 

CHONDRO'IA A.ND OSTEO'IA 

These tumours are cons dered fullv m the chapter on ** D senses of 
Bones,** to which ref««tce mav be made (a<e p 157) 

'no'u 

3Insc]e tumours mav be composed of either plajt or striped muscle 
flb-es A Ifiirtjfma, or tumour of plain mu>cle £b*es, is bv far the 
commonest. The site most feequenUr affected is the uterus, and the 
utenne mvoma b one of the commonest of tomoars in the whole body 
{«« p. &S4). Less oftd a leiomvcma anses &om the muscle fibres of the 
CESoph^as, the stomach (*« p 450) the bladder, tr ovatv Rare 
examp’ss have been found o tir* skxu. and are belied to from 
th« run uiaiOTtt pihrvm. A leoravoma is usuallv a besi-gn encap- 
su!«nJ gmwth, bat oecsronaHv it is subject to sarcomatous chan^. 
It is described fullv on p OSt 

A is a tumour composed of well difi’^reatiated stnated 

musde fibres. It i» exceednglv ra-e but has been encountered most 
often in voung subjects e«peciallv in Ib^ so^t palate and the tongue, and 
less ofta in the bladder, the n'erus the vagina and th* esophagus 
lYhen the tusnsir anses Crmn a mueous surface its appearance is 
eharacterxstic, showing a lotniated coarselv polvpo d structure with 
bwad dubbed processes, it is locallv destructive and mav metastasize 
br the Ivmph or the b\x>d stream In structure a rhabdomvoma 
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ippenrs supernenlly to 1x5 well diflcrentiated, but i closer evninination 
re\ eils groups of \ ery anaplastic or primitu e round and spindle cells 
to which it probably owes its \ery malignant tendencies 

Some examples of rhabdomjoma are composed entirely of undiffer- 
entiated cells resembling morphologically and in staining characters 
primitive muscle cells — myohlaais Sucli tumours liaa e a homogeneous 
cellular pattern, and though the €X5lls lack the mature cellular structure 
of a typical rhabdomyoma, the tendency to malignancy is much less 
This tj’pe of rhabdomj oma has been stj led m> oblastoma by Cappell 
and Montgomery 

Striated muscle of \arying degree of maturity is an occasional 
constituent of teratoid tumours, eg , of the kidney, testis, and ovary 


SARCOMA 

Slahgnant tumours derived from connecti\ e tissues are generally of 
extreme malignancy They grow rapidly, invade surrounding tissues, 
disseminate to distant parts of the b^y at an early stage, and quickly 
lead to a fatal issue Within the boimds of tins general statement 
there are, however, many variations in behaviour Some sarcomata, 
notably those arising m bone, are almost invariably fatal, but others 
are less aggressive, while a few only achieve recognizably malignant 
characters after a prolonged existence 

A sarcoma is much less common than a carcinoma, and differs 
from It m several important attributes Sarcoma may occur at any 
age, though some forms notably bone sarcoma ore most common 
in early life A sarcoma generally grows rapidly and forms a large 
soft tumour With few exceptions it tends to disseminate early bj 
the blood stream This method of dissemination is no doubt 
chiefly due to the copious blood supply of a sarcoma and to the delicate 
nature of its vessel walls winch are readily invaded by tumour cells 
A sarcoma may arise from any type of connective tissue, and it 
consequently has a wide distribution m the bodj It originates most 
of tea >!3 Tela f. '£^'3 to hone, or from tke pexiostevmf cartAage fascist, arid 
intermuscular septa or in the subcutaneous tissues , less often it occurs 
in submucous tissues or m the stroma of internal oigans 

In a certain proportion of cases a sarcoma arises in a previously 
benign tumour, e g , uterine myoma, fibroma, chondroma Sometimes 
it arises on a basis of some generalized grow th disorder, e g , neuro 
fibromatosis osteitis deformans, osteitis fibrosa Occasionally trauma 
appears to determine the onset of the growth 

The cells of a sarcoma may remain fairly well differentiated and 
contmue to reproduce, to some extent, the structure of the parent tissue, 
or they may revert completely to the primitive state Thus a sarcoma 
arising m fibrous tissue may contmue to produce more or less well 
formed collagen fibrils or may be entirely cellular WJien the nature 
of the parent tissue is recognizable, such terms as fibro sarcoma, 
chondro sarcoma, osteo sarcoma, lipo sarcoma, and myo sarcoma may 
be employed. Tumours composed of undifferentiated cells are usually 
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contains collagen fibnls {fibrosarcoma) Occasional!} a sarcoma is 
composed of such ell differentiated cells and matrix that the distinction 
from a simple fibroma, or c\en from granulation tissue, ma} be made 
onl} M ith great difficulty 

Other sarcomata are composed principall} of small round cells 
Most of these are hjmphosarcomaia, tumours nliicli arise m l}mphoid 
tissue, and differ in many respects from other sarcomata {see p 25-t) 
Other sarcomata are described, but recent researches show that they 
are extremel} rare, and that most tumours formerly so classified are 
1} mphosarcomata 

^lan} other varieties of sarcoma are recognized, according to special 
features of the cells or of the intercellular matrix — for example, chondro 
sarcoma, ostco sarcoma, m}'xo sarcoma, and lipo sarcoma These are 
described on other pages 

PAPILLOMA 

A papilloma is a simple epithelial tumour vhich projects from an 
epithelial surface Although essentiall} an epithelial structure, it always 
includes connecti\e tissue elements, which form a core, simple or 
brnnclimg, containing l}'mph and blood \essels It appears as though 



Fio 20 PspiUoma of the skui 
(Laborat^ vj Ratal CoO^ o/ PAjmnsiu o/ E4 rUntrtK) 

the growing epithelium can e\oLe a connectne tissue framework to 
support and nourish it 

A papilloma may arise from any epithelial surface, and the following 
t}'pes may be recognized (1) from tlie epidermis, (2) from mucous 
membranes (3) from duct walls, (4) in certain c} sts and cystic tumours 
Cutaneous papillomata ore common m childhood and are usually 
multiple, the skin of the hands and fingers beuig frequently affected The 
growths are the result of a virus infection, and after a aarymg period 
disappear spontaneously ^ene^eal papillomata, which affect the 
skin of the genital organs, are also of infective nature As Cathcart 
suggested m 1897, they are not due to gonococci, and there is e^ndence 
that they arise from some form of filter passmg organism 

A papilloma arismg from epidermis or from any squamous cell 
membrane, such as the mucous membranes of tlie tongue, mouth. 
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larrax, ccsfij^agus oi vs^ins, i> e«nposed of a CO’^ of roft nective 
rnrnJQCTB'ed bv sqoaniot^ epiibefcsnn- The eprtbtlinai niav resanb’e 
tte ixnaal tissa- b^rt o'len presents TarsatKKiST sacfa as iiadae tbicLen 
tng of the rete or of the stratum co-oetim. 

unices paptBoms tfc^ bladder and reial pelvis fo'm> a <p^cial 
tvpe of tenocr It reproduces th* t-flcsjtiooal <p thelnnn of the 
ensirv passages, c«is»«ts of cocaective tissue co^es scu mounted bv 
a few lave-s round'd o* oval celL- It i> composed of inmimei3b!e 
fiianjai*£HJs p-oeesses of ^Tflt d'lieaev,aad,«ince the stroma b vascula"', 
it fc. verv ap* to cau>e pm^itse hasnatena. It frequenllv recurs 
after opeatJCKi, and mav evenhiaHv p'ore riaTr^art* {tte dso p 6 19), 
\ papIBoma b eoremon is th* mtes^me, and mav occur 
m the «tomadi, small mlcstm* or gaH-bladder I*’ i» comoosed 
ofco^imnarctD.so'iconnetrttvetissa'co'es and i> usuall v p=dnncttlated 
‘'ince the columnar cells tend to rep*o d uce to some extent the g l a nd ji ar 
structure o* th* ahmentarv t*3ct the paptLoma is comewhat complex, 
iSd e*tei IS of the nature of an ad'noma rather than a papiDoma In 
tb' coVm tb«e g*tnrths are apt to become maEsnaat, It is mterests:g 
o E<(*e that in Eg}"?* schistosoOLasis ftqc'mthr gives rise to multiple 
outg-tnrths in tbe K-dd'r and i cc t u m indts*tagur>LaMe 6om true 
pacZ[k>irs3 and equaOr baWe to malfgnant chang** 

Papilkiosata ansmg froca the daHs of gbeds occur with g*ea* 
Ireqaesev o the b'east, in assoaa*i» with so-called chrome mastitis. 

are described m mo'e detaO in the chapter CO diseases of the bmast. 
Sun Bar psplDomata an rerr eommop o th> biliary tract of rabbits 
where thev fo^ taal^le cohEnsar-ceQ outgrowths from the wa!l> 
o' th» tc’-’uhepatie b^ docts. Tbe peculiar interest of this 
cooditioQ IS that it occurs oalv m rabb t» a^ected bv eocodiosB, and 
that the oocrjts of the parasite mar fae s«a eSoseIr related to the 
timsouis — a strScu^ example of c'w growths due to paras tes 

PapUksnata ansing m erst walls are *e«i most frequaitlc in ir-sts 
in the b-cast and orarv but mav occur in ether organs The evsts 
referred to are no* snnple distcavoo evsts, but depend pumarOv 
upon proWeiatioa of tbe epitb'bal bmn^ ctHs and it is c«L><quentJv 
Do*^ surp-ising that in some the proLfeiatwu tabes the fotn of 
E:tracv5*ie pmjCctHKis m pbee of simple enlargesiesi* of the evs* In 
scca^ cases th» preses*^ of intracvs* c paptHomata is an mdicstion of 
eadv or potest^ mal^naccv — the papH^rmata are Us Ers* evu^eace 
of tb* abHitv of tbe cdls to grow a^rptesDs Thus in th* ovarv a 
papHIifeous csxt IS conszdrrablv mo'e liable to malignaaev than a 
nnjltDocalar erst. 


ADEhO'U 

An adenoma s a simple tumour denved from g!and.Jar ep thelmin 
Llle 8 pspiBoma, it also contams connective tissu' which serves to 
support and couT’sh tie ep vhcl.al tkments, vanes grcatlv in amount, 
character and vasculan^r tVhen the stroma p-epoaj'talcs, as in 
marv breast turrcwirs the terra /iro-otJrTwwtu mav be used. 

An aderwma rep^od^ces wi»h som* degree of exactness the glandular 
structure cf the parust tissue and t&deed sotns ad*iioiisata, e g., in 
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the brcnst or th\'roid, cm be distinguished onl} with difficultj from 
the normal glands Moreo\er, the cells of the tumour maj function , 
adenoma of the thjroid gland contains colloid material and may 
produce thyroxin , adenoma in the gastro intestinal tract secretes 
mucus Since the tumours possess no properlj formed ducts the 
secretion maj remain impounded in the acini and form cjsts, eg, 
in the breast, thyroid, and ovary The epithelial wall of such a cjst 
maj continue to proliferate and maj gne rise to mtracjstic projections 
of the character of papillomata These are particularly common in 
an ovarian cjstic adenoma An adenoma Ijing close to a free surface 
tends to project therefrom, and maj e\ entuallj become pedunculated, 
and m the gastro intestinal tract maj subsequentlj initiate intussus 
ception 

Adenomata do not appear to bear the same relation to chronic 
irritation as do papillomata, but, on the other hand, in a number of 
cases seem to be associated with some developmental disturbance, in 
tliat thej possiblj originate in glandular cells dislocated from their 
normal environment Foetal adenoma of tlie thyroid gland appears to 
arise in this waj, as do adenomata of the colon, which, furthermore, 
have a familial incidence 

An adenoma may arise from any glandular tissue in the body It 
occurs most often in the breast, ovary, thyroid, and glands of the ahmen 
tary tract ^fore detailed description of individual t^-pes is found in 
the chapters dev oted to these regions 

CARCINOMA 

This IS the commonest form of malignant new growth, and is the 
form usually indicated by the term ** cancer ” Its frequency may be 
judged from the fact that more than 10 % of those who reach the age 
of thirty five 5 ears e\ entually die of cancer 

Carcinoma differs from sarcoma m several respects, which have 
alreadj been alluded to ( 1 ) it occurs generally later m life The 
incidence rises steeply in the fifth and sixth decades, and most cases 
trcctxr at fftis tnne 0 / life Often the age metdatee of cancer eomcafer 
with the period of functional senescence of the affected tissue, eg , the 
breast, uterus prostate (2) Carcinoma usually grows less rapidlj than 
sarcoma, and does not disseminate at such an early stage There 
are exceptions to this general rule, howev er, notabi} the case of melanotic 
carcinoma, which often grows rapidly and dissemmates early (3) Carci- 
noma tends to spread first and pnncipallj by the lymph vascular 
sjstem and onlj later invades the blood stream (4) Microscopically a 
carcinoma is composed of ceils of epithelial type, which tend to be 
grouped m masses or columns The mdivuduil cells he closelj apposed, 
with little or no intercellular matrix Occasionally, how ev er, carcinoma 
cells growing rapidlj become spindle shaped like the cells of a sarcoma 
nnd maj he singlj in the stroma 

The amount and character of the stroma varies greatly in different 
tumours and m different parts of the same tumour k\Tien m large 
amount and composed of tough fibrous tissue it gives the tumour a 
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hard (scirrhous) character and since the fibrous tissue shrinks the 
tumour IS usuallv of small sne Sfarrbous tumours ate common m the 
breast, stomach and colon In the alunentarj canal the fibrous con 
traction maj give rise to a ring stricture 

Oecasionallv, as in the “leather bottle stomich,” excessne stroma 
appears to strangle and isolate the epithehal cells, which are then 
identified with dilBculti None the less, howeaer, scirrhous tumours 
are no less malignant than other t\T>es, and often tend to infiltrate 
widelj 

A carcinoma mth scanlj stroma is commonly larger and softer 
than scirrhous growths, and sometimes it merits such a title as 
encephaloid or medullary Often a tumour is scirrhous in some parts 
and encephaloid m others The metastases from a scirrhous tumour 

are often of encepha 
loid tjTie 

Three principal 
tvpes of caremoma 
may be recognized 
(1) squamous-cell car 
cinoms , (2) basal 
cell carcinoma, 
(3) glandular cor 
cinoma, 

(1) Squanious>ceII 
Carnaoma {t^amotu 
epttheltoma) Tu 
mours of this class 
Dia% arise from the 
skm and its append 
ages Or from the stra 
tified squamous 
membranes of the 
upper air and food 
passages and the > ag 
ina The> maj also 
arise bj a process of 
metaplasia ftom 
other epitheha, 
from the transitional 
epithelium of the urinarj tract and the columnar-cell membranes of 
the gall bladder, uterine nccL, etc. 

Squamous-cell cancer maj derelop spontaneous!} m preiiousl} 
normal skm, but it is particularly liable to occur at parts that have, 
during a long period been subjected to some form of irritation The 
irritation maj ha^e been mechamcal, thermal, chemical, or bacterial, 
or ha\e resulted from various combinations of these agencies It is 
therefore common for cancer to follow eczema, warts, or hyperkeratosis 
of the skin, and in such cases the site and character of the skm lesions, 
and the cancer that follows them, are usually determined by occupations 
that ms olre exposure to chemical or other irritants Thus, m irradiation 



fiQ SquacD<»u-«:cUcawiooinatcp>lbcl>t>i»3)oIUie 
tkin. On tbe nghl Uirre are nuowrcnis rounded 
masses of malignant celts some with cell nests 
Note the tirperplasia of the epideRnis close to the 
tumour 

iDffartpuKttlS^rftrf C» mils*/ U mi&vsI. 
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cancer, the backs of the fingers, from neglect of protection, are usually 
affected j in tar and pitch workers, cliimney sweeps, and mule spinners 
the scrotum is affected In addition to the abo^e predisposing or 
precincerous factors may be mentioned chronic ulcers, cutaneous horns, 
the scars of bums and of lupus, and psoriasis patches In lupus 
carcinoma exposure to X rays often appears to hat e been the deter 
mining factor, and in psoriasis prolonged application of arsenic often 
seems to be responsible 

Tliere are two tj pes of squnmous-ccll cancer (1) the papillarj , and 
(2) the ulcerating Intermediate forms are common 

The papillary lype takes the form of a wart or nodule of \ ariable 
size with a broad base Ulceration tends to occur at the surface of the 
growth, and as a result drj crusts are formed on it Beneath the crusts 
the tumour is pmk in 
appearance, and is m 
durated 

The ulcerating type 
causes an irregular 
breach of the surface of 
the skin The edge of 
the ulcer is firm and 
indurated and its base 
IS hard and granular 
There ma) be consider 
able penetration into 
the subcutaneous tissues 
On the face the ulcer 
ma^ originate m a small 
red pimple, whicli grows 
rapidly and breaks down 
to form a slightly raised 
crateriform ulcer 

Microscopicallj, a 
squamous cell carcinoma 
IS composed of masses 
of angular cells m solid clumps witli bud like processes extending 
irreguladj mto tlie subcutaneous tissues or the cells may be 
arranged m whorls in which the characteristic cells surrotmd cornified 
epithelium {epithelial pearls or cell nests) The latter appearance mdicates 
a high degree of cellular differentiation, and consequently a relati\elj 
low grade of malignancj In some growths fibnls or spinous processes 
connect the cells , hence the name acanthoma or pnchle cell tumour 

A squamous cell cancer of the skin spreads by direct infiltration of 
adjacent tissues The rate of growth \aries in different cases and accord 
mg to the age of the subject, and the character of the tissues which 
surround it. Generallj , warty growths tend to be less aggressiv e than 
the ulcerous After a > ariable period the growth usuallj metastasizes to 
the regional lymph glands, which become enlarged Visceral metastases 
are imcommon 

At some sites, especially the nasopliarjux and tonsil, squamous cell 



Fic SS Squamom epithelioma of nostnl 
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carcinoma may show 
roaiked anaplasia. The 
stroma is composed of 
f— cells of sarcomatous 
character (usually lym- 
phosarcoma), so that 
^ 5 ^”^ the tumour has blended 
the features of carcinoma 
^ and saieonia — <t:rctno- 
sareoma or lympho- 
epiihelioma. 

Sqnamous-cell Can- 
cers at Special Sites. 
CVjneer of ihe penis starts 
on or just behind the 
glans, less oftoi on tlie 
inner aspect of the pre- 
■paet, -ioA -isX} TweVf in 
the skin of the bodv of 
^C.2?. Basal-cell eartinoma (Indent oWt) of the 4 L- t_ rrCgnv 

sVia- X T5. The toaooi U composed of larse ^ 

orcumsctibed masses of epitheUal celk, the outer UJStances the growth 
Uyen of wtueh axe of typt^ basal-eett ebarscter. be^nns in a wsrt. an 

The ttanoor IS eosned by a UuntsTerofskia. ,? t - 

' Old scar, or a patch oi 

leucoplakta. Phimosis and chronic balanitis frequently precede can- 
cer at this site, and must be regarded as predisposing factors, because 
the occurrence of cancer 
IS extremely rare in the 
circumcised. Occasionally a 
glandular tvpe of cancer 


originates m the glands at 
tbe corona or frenum. 

The growth is usually 
of a fiat papillary or cauli- 
flower type and may reach 
considerable size before 
uleeratxin occurs. It is 
pinkish-red in colour and 
it is firm and hard. At first 
it rcmams confined to the 
plans penis, but later per- 
forates the fibrous envelope 
of the corpora cavernosa 
and infiltrates tbe erectile 
tissue. The urethra is 
seldom invaded. Sfetastases 
occur in the inguinal I}*mph 



, ^ I . ''*®- ®0- Basal c«l earcinonsa (rodent nicer) 

A carcinoma of the perns of the lower eve Jid «t sa early stage of gron^. 
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js usually concealed behind a tight prepuce , therefore its presence may 
only be suggested by the club like enlargement of the organ or b> 
the offensn e discharge or bleeding to nhich it gu es rise 

Lupus cancer may de\ elop at the margin of the ulcers of lupus, or 
in the thin scars whicli follow liealing Many years may elapse after 
healing before the appearance of the grow th 

A lupus carcinoma is usually of an exuberant or cauliflower type 
and grows slowlj, and like other cancers which de\elop m scar tissue 
it has little tendency to spread to the lymph glands, as the intervening 
cliannels are obliterated by fibrosis In ad\anced stages the subjacent 
bones mav be extensively involved by direct spread of the tumour 
(Fig 8S) 

Lupus carcinoma 
frequently dev elops at 
an earlier age than 
other forms of 
squamous cell cancerof 
the skin Its develop 
ment often appears to 
be precipitated by 
uradiation by X ray s 
or radium 

Cancer in chrome 
ulcers of the skin occurs 
rarely The growth 
usually appears at the 
edge of the ulcer It 
takes the form of a 
hard, granular excav a 
tion which spreads 
very slowly m the sur 
rounding skm and sub 
cutaneous tissues, and 
may finally penetrate 
the adjacent bones 
Spread to the regional 
lymiph glands is a late occurrence because the lymph vessels have 
usually been obliterated by long standing iymiphangitis 

Chronic leg ulcers, though very common lesions, are only rarely the 
seat of carcinoma 

(2) Basal-cell Carcinoma (hodevt ulcer) This is an ulceratmg 
tumour arising from the basal cdls of the skin or from cells of similar 
derivation m hair follicles and sweat glands It occupies a position 
intermediate between simple and malignant growths for though locally 
invasiv e and destructive it extends very slowly and does not metastasize 
It rarely occurs before middle age, and males are affected more often 
than females In the great majority of cases the tumour arises in 
the skin of the face, especially m close proximity to the medial or 
lateral palpebral commissure or in the na«> labial fold less often m the 
frontal and temporal regions of the scalp Tumours of similarcharacter 



Pic 31 Basal cell carcinoma rodent ulcer High 
powerpholographoftbeedgeofthetumour x 450 
The tumour cons sts of mosses of epithelial cells 
bounded by a single pahsade rovr somewhat resem 
bling the basal layer of the epidermis 

{LabonUtrg of CcOrjt of Piyi\na»i of Ed /d>urji ) 
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•m 1 arise occasionally J 

in the skin 

q of other parts of 

the body, 


squamous-cell mucous mem 
branes, such as the tongue, 
pharynx and oesophagus. 

At its inception the tumour 
lies deep to the epidermis, and 
at this stage may appear as a 
firm red papule or as a flat, 
sliglitly raised plaque. At an 
early stage, or rarely after a 
considerable period, the super- 
ficial epidermis gives nay, and 
the groirth then takes the 
form of an. ulcer. Rarelj two 
or three sucli ulcers may 
coexist. 

The appearance of a rodent 
ulcer IS characteristic. The 
surface is red and gtanulai, 
Fjq 32 Basal cell carcinoma invohioff nhen small is usually 

thee^cUd and cLeek in an advaacea ... ^ , . *_ 

giate covered by a dry crust or 

scab. The edge may be 
smooth, regular, and cleanly cut, but often is shghtlj rolled or 
beaded It is not raised and thickened to the s*»me extent as m a 
squamous cell carci* 
noma Around the 
edge and at the base 
of the ulcer there is 
geneiall) a moderate ' 
amount of mduration i 
Occasionally at one 
edge the erosion may 
be arrested temporar- 
ily, and a thin pellicle 
of young epidermis ^ 
may grow in from the 
margm Such a heal- 
ing process IS always 
lerj limited in extent 
and temporary, how- 
cicr, and in untreated 
cases itnescr prevails 
Spread of a basal 
cell carcinoma is slow, 
but prOgressiie At PJO 33 ^ columnar cell ndetiocateitiomv of the 

first the tumour ex- breast xlOO The acini %ar} in size and shape 
tends mamlv at the Tliey arc lined by columnar cells, which In places 

rencis maimy at tlie ore sevetm layers deep The supporting stroma 

expense of the sur- IsccanWand the blocd vessels are thm walled 
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rounding skin and subcutaneous tissue, but later it involves deeper 
structures which it invades erodes and dcstrov s Tlie rcgionallymph 
glands maj enlarge as a result of infection but metastases do not 
occur In a few well authenticated cases malignant change has 
superv ened Such a change may follow inadequate irradiation therapy 

Microscopically , a basal cell carcinoma is composed of epithelial 
cells disposed either in large, somewhat rounded masses, or in narrow 
columns and processes Between and around the masses of cells is a 
stroma of richly cellular fibrous tissue, which is often infiltrated with 
Ijanphocytes and other inflammatory cells as a result of superadded 
infection At first the tumour is covered by a tliin layer of epidermis, 
and it is sometimes possible to trace a connexion between the deep 
surface of this layer and the epithelial cells of the tumour Later when 
the growth is ulcerated, tlie thinned out epidermis is only visible at 
the edge 

The epithelial cells at the periphery of the cell masses are of low 
columnar shape and arc arranged in a single palisade layer, some 
what like the basal lay er of the epidermis The remainder of the cells, 
deep to this layer, are smaller, and polyhedral m shape 

A basal cell carcinoma con 
tains no cell nests and few 
prickle cells an important fco 
ture which distinguishes it 
from squamous cell carcinoma 
Usually the cell masses are 
solid but occasionally there is 
an irregular adenomatous 
appearance and degenerative 
changes may lead to tlie forma 
tion of small cystic spaces 

The origin of a basal cell 
carcinoma is generally believed 
to be from tl e basal cells of 
the epidermis but the adeno 

present has suggested that in 
some cases the epithelium of 
sweat glands or hair follicles 
provides a starting point In 
view of the close morphogenetic 
relationship of these structures 
such a belief is reasonable 

(3) Glandular Carcinoma 
This term is generally held 
to include tumours arising 
from columnar or cubical cells 
of mucous membranes and ducts as well as from the glandular 
elements themselves 

Glandular carcinoma occurs m many parts of the body It is 
commonest m the breast, stomach and large intestine, but may occur 



Fio at Spheroidal-cell carcinoma of the 
breast 
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in other parts of the alimentarj' tract, for example^ the gall bladder, 
pancreas, liver, and in snch organs as the ovary, uterus, prostate, 
kidnev, adrenal gland and thyroid. 

Ihe cflls of a glandular cardnoma may diCerentiate to the extent 
of nproducing, to greater or less degree, the acini of the gland, or 
ihev mav form solid masses with no glandular ardutecture. Thus two 
tTp« may be recognized': (I) adenocarcinoma, in which there is some 
teidency to the formation of arint ; and (2) spheroidal cell cardnoma, 
in which no glandular strncture is recognizable. 

Adenoeareinoma is commonest in the alimentary tract, but may 
occur in the other organs mentioned above. The acini are hut imperfect 

reproductions of the 


glands from which 
they are derived, and 


they show many 
deviations from the 



Fto. 33. SIocokJ canevt of llie coton. Scaotr rpi- 
tbeUal c«U» be ui sm»Q gnvpt sepaialM b}- iiige 
qaastiUes of mucoid coaienal. 


normal. They varj* 
greatly in size, and 
since they possess no 
dncts for evacuation 
of their content thej' 
becomedistended with 
retained secretions, 
epithelial dehri*, etc. 
^e lining membrane 
is DO longer formed of 
a single layer of cdls, 
but may .be many 
cells deep, and haWng 
DO basement mem- 
brane the cells pene- 
trate the subjacent 
stroma. The indivi- 
dual cells base the 


characteristics of 

malignancj* and are large and deeply stained, and often show mitotic 
figures. 

In some glandular tumours, e.g., those of the ovarj-, the thxToid, and 
occasionally the breast and kidnex', the cells have a papIUaiy arrange- 
ment — pepiUary adenocardnoma. 

In tpheroidal-aU earcincma the cdls are arranged in solid, round, 
circumscribed masses with no glandular formation. This type of tumour 
occurs most often in the breast, Jess frequently in other glands. Bv 
mutual pressure the cells may assume polygonal shape. 

yjucoid {CoUoid) CorrffiOTna. Thb tj'pe of growth occurs most 
often in those regions where mucin-roiiaing relb are normally present 
in large numbers, e.g., in the stomaclt. colon, gall bladder, but they may 
occur elsewhere, for example, in the breast The epithelial cells produce 
large quantities of mucin, which first distends the rrtb and th en 
escapes into the intervening matrix. Eventually the greater part 
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of the tumour may be replaced by mucin. Tlie tumour is usually 
massive, ■with a characteristic semi translucent appearance, and of 
soft, jclly-like consistency. Alicroscopically, the malignant cells are 
scanty, and of degenerate appearance, and the great bulk of the 
tumour is composed of clear gelatinous material 

Mucoid carcinoma is generally believed to result from degenerate e 
changes -which may occur m anj form of glandular carcmoma, but in 
certam features it differs entirely from ordinary forms of degeneration. 
Iklucm IS tlie specific secretion of the cells, and it occurs in metastases as 
well as in the primary tumour. Moreo\er, it has been shown in 
animals that the potentiality for this change may be transmitted 
tlirough manj generations of tumour. It is often stated that m'ucoid 
degeneration is an mdev of a relatnely fow grade of malignancy, but 
there are many exceptions to this rule. In the breast, it is true, most 
mucoid carcinomata grow slowlj and mctastasiie late, but occasionally 
breast tumours of this tjpe are extremely m\asi\e, and mucoid 
carcmoma of stomach, gall bladder and bowel tend to grow rnpidlj 
and spread widely. 


MIXED TUMOURS 

On previous pages it has been shown that practically nil epithelial 
tumours, innocent or malignant, possess a stroma of connective tissue. 
The term “ mixed tumour,” however, refers onlj to those growtlis in 
which both types of tissue are integral parts of the tumour, and parti* 
cipate equally in its neoplastic character. 

It is belies ed that all the cells of a mixed tumour have a common 
ancestry from a single cell of embryonic type, which has retamed its 
primiti^ e capacity for producing different kinds of tissue. It is obi lous 
that the more primitii e the cell the greater its potentialities, and so 
there may be (1) mullipotent cells capable of producing various Linds 
of mesodermic tissue (cartilage, muscle, bone, fibrous tissue, etc ) with 
or without glandular elements, and (2) totipotent cells capable of 
produemg any or all types of cell or tissue. 

Tumours arising ftom miiltipotent cells occur most often m the 
kidney and the testis and oiary, and are considered in detail m the 
chapters deioted to those organs A tumour denied from totipotent 
cells IS generally known as teratoma, less often an embrjoma. 

Teratoma. This term should be restneted to tumours denied from 
totipotent cells, and should not be used to mclude mixed tumours of 
less complicated type, such as occur m the kidney or salivary glands 

There are two distinct classes of teratoma* (1) those recognizable 
at birth, and usually situated close to the surface of the body ; (2) those 
appearing after birth or in adult life, and usually affecting mtemal 
organs. 

A teratoma recognizable at birth represents incomplete imiovular 
twins It IS usually situated m the sacro coccygeal region, and 
projects on the surface of the autosite Sometimes it takes the form of 
complete limbs or of parasitic twins in various degrees of perfection 
The most extreme examples are the fully formed conjoined twins, 
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Tvhich iaa> be regarded as mutual teratomata la other <a^cs a con 
genital teratoma is a shapeless mass containing in irregular confusion 
a great variety of tissues or portious of organs Such masses ate com 
monest in the sacral region but maj occur in the region of the upper 
J3W, and the terra fpignatftus maj then be applied 

A teratoma developing after birth or m adult life is found most 
often in the ototv or the testis but it ma% occur m other situations 
for evample the brain, mediastinum, or the refcropentoneal tissues 
{fjiragemSal (erotomo) It has been suggested that it arises from partheno 
genetic deselopnient of germ cells, but it seems more probable that 
the origin is from blastomeres or from undifferentiated germ cells 
totipofential cells denied the earli embrjo, which have been 
sequestrated or temamed inactive during deselopraent 

The tumour maj be either solid or evshe, and it maj contain 
tissues derived from all three embrjomc lasers Stratified squamous 
epithehum sebaceous glands, hair follicles and enamel organs he 
irregularlj disposed among masses of cartilage, bone, and muscle , and 
^'anous gland lihe structures Imed b\ columnar epithelium are also 
present E\en Langlians cells and the sjTie\-tmm of chonomc cpitlie- 
liuni occur and occasionally thes mas constitute the greater part of 
the tumour, even when it is situated m the testis 

Ovarian teratoma is often cystic It is soroetunes Imown os 
ovarian dennoid, for it may resemble an inclusion dermoid cist 
There is a large canty conlaining hair and sebaceous matter and pro* 
jecting from the wall of the canty mai be a hard plaque coi ered with 
skin and often containing teeth. An ovanan teratoina differs Irtim 
inclusion dermoids in possessing tissues derived from all tlie three 
pnfflar^ layers and ui addition to slan denvatiscs it contatos muscle, 
cartilage glandular structures, and even thyroid tissue and nerve cells 
Teratomata are not necessari!% malignant tumours, and some of 
them, especially those situated lo tlie oiarv, remain stationary foe 
man\ Tears or onlv enlarge b% the distension of their ci stie spaces 
Others however, notabU teratomata m the testis, are usually very 
mahgnaot. The malignant cliange may affect one or several of tlie 
constituent tissues, though not olwavs in equal degree 

TU'IOURS DERIt'ED FRO'I N'ERVE TISStJE 

Ibmoctts of nets e tissue mas arise m the central nervoua sy stem, in 
peripheral nerves, in the tranks and ganglia of the autonomic system, 
and la various tissues such as the adrenal medulla, which arc closeK 
alCed developmentallv and functionally 

In the bram and spina] cord the common tumours arise from the 
supporting fabric (neuroslia) and onlv ven raielv from the nerve cells 
GUomda present monv diflerent tvpes accordmg to the degree of 
differentiation of the pTcdominatuig cells andthe% may grow slowly or 
with extreme rapidity Ther are considered fulfi on p 274 True 
tumours oflhcpenpheral nerves are cxtrcmelv rare- It is possible that 
the acoustic neuroma is a true tumour of nerve tissue, and its cjiarae 
tenstics are considered in drtatl on p eso The tumours comraonlv 
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called neurofibroma or false neuroma are not derhed from neire 
tissue but from the imesting sheaths of neiNcs. The so-called 
■ amputation neuroma or stump neuroma is merely hyperplasia of the 
cut nen’e fibres {see p. 320). 

Tumours of autonomic nerves form an interesting group of new 
growtlis, which liave been more clearly recognized m recent jears. 
Formerly they were confused nith sarcoma, to uhich they bear great 
resemblance. They are the commonest malignant tumours m infants. 
Tumours of this class arise from the ganglia of the autonomic s> stem 
and they are most commonly situated in the retroperitoneal tissue 
and in the mediasti- 
num. They arise not 
from neuroglia but 
from the embryonic 
nerve cells (sym- 
pathicohlasts) Slost 
often the cells are of 
immatiiTC tj pe, hard- 
ly recognizable as 
nene cells, and the 
terms stftnpathieohlas- 
ioma or neuroblastoma 
may then be applied. 

Such tumours com- 
monly occur in infants 
or young children, and 
grow rapidly and 
metastasize widely. 

Less commonly the 
cells are fully differ- 
entiated and resemble 
the ganglion cells of 
the autonomic system. 

Such tumours, gang- 
lioneuroma, take a 
benign course. Either neuroblastoma or ganglioneuroma may also arise 
from the adrenal medulla, a tissue closely related in origin and function 
to the autonomic nen'ous ^'stem {see p. C04). Tumours similar to a 
neuroblastoma may arise in the retina from the primitive cells of tlie 
central nen'ous sj stem. They are usually of familial incidence and 
arise in mfancy or early childhood. 

In recent years certain tumours have been described which are 
believed to take origin in chioroaRin tissues m various parts of the 
body. The most outstanding examples of such tumours, which have 
been termed paraganglioma, are the tumour of the carotid glomus, 
and the chromafllnoma of the adrenal medulla. 

TUMOURS DERIVED FROM ENDOTHELIWI 

Until the last decade endothelial tumours uere generallj’ believed 
to be of common occurrence, but with stricter pathological criteria 
8 um 



Fig. 3G. CangboDeuroma X 300. The tiuiinur 
vras situated in the retroperitoneal tissue. Note 
the charactenstic ganglion cells, unipolar and 
bipolar. Nerse fibres also are present, and small 
cells of neunlenuna t j-pe. 

(tabontorf «/ Rvfat Cottffi 9f PAstieuiu 0 / Sdmbur/h ) 
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in the recognition of endotbdial cells it is now clear that tins was 
a mistaken view Endothelmm forms the hnmg membrane of blood 
vessels and Ij mph vessels, and the pleura, pericardium and peritoneum 
But with the exception of hiemangioina and lymphangioma, pnman 
tumours of these tissues are extremely rare Tumours of tiie pleura or 
peritoneum, for example, are almost invariably secondary to some 
growth, perhaps of reT> small sise, of the underlying viscerx or m 
distant situations And the so called dural endothelioma is now 
beliei ed to arise from the arachnoid mater, which is not considered to 
be an endothelial structure 

Tumours of the endothelium of blood vessels and lymph vessels xte 
described on pp 233 and 251 respectively. 


MELANOMA 
Physiology of Pigmentation 

The dark races owe the colour of their skm to the pigment melanin, 
and in them it affords protection for the undcrlj ing structures against 
the powerful rays of the sun The pigment is most abundant in the 
basal lay ers of the epidermis, but it may be present as high as the stratum 
granulosum or even the stratum corneum Jn the fair races 
pigmentation is present only in the skin of the nipple, the axilla ond the 
ano genital region , but in the fcetus the basal layer of the skin m other 
parts of the body is pigmented and becomes depigmented soon after 
inrth The capacity for pigmentation, hoirever, is retamed in adult 
life, and under the action of intense sunlight or ultra violet irradiation 
the skm becomes bronzed or freckled, and it is then noted tliat the deeper 
layers of the epidermis acquire melanin pigment, and that the stratum 
corneum becomes deeper As the sunburn or freckling disappears the 
cells slowly give up their ])igment In the pigmented basal cells 
melanin is distributed in the form of brown or black granules of furly 
uniform size which are aggregated around the upper pole of the cell 
nucleus 

In the basal layer there are, in addition, pigmented cells of a deninlic 
type, and these arc present in greatest number when a stimulus to 
pigment formation, such as sunlight, X rays, or ultra i lolet radiation, 
IS applied to the skin As transition forms between this type of cell 
and the ordinary basal cells can be traced, it is believed that they ate 
derived from normal basal cells, and that the assumption of dendritic 
processes is evidence of an actire phase of pigment formation Their 
ongm from hasal cells is also substantiated by their specific staining 
qualities {see below) 

Pigmented cells of somcwliat similar appearance ate also found 
constantly in the dermis, espeoaUy around the blood vessels Tlie 
origin and function of these cells has given rise to considerable discussion 
From their peculiar staining ofiinities it is heliei cd that they arise from 
tlie connective tissue of the cornun, and that they are not specifically 
concerned with the elaboration of melanin, but with its disposal, and 
for this reason they ha\ c been termed thromalophores The pigment m 
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llie cells IS in the form of irregular globules, and it is believed that they 
acquire it from the epidermis 

Apart from the skin, melanin occurs in the pigmented structures of 
the eye (retina, chorioid, ins, and cQiary bod>) In the central nervous 
sj’stcm it IS found m the substantia nigra and, in ^arJIng amounts, in 
the meninges 

^Fehnin is the onlj pigment normallj found in the skin of man It 
IS elaborated b> cells of the epidermis, and the cells with this property 
are known as melanofifosts Melanin contains no iron in its complex 
molecule, and luEmoglobm plajs no part in its formation , Sulphur is 
present, probablj only as an impurit} Theultimate source of melanin, 
like adrenalin, is t5'rosin In 
lower animals, melanin is 
formed in the cells of the 
epidermis directlj from tjTosin, 
through the action of a 
ferment or 0x5 dose — tyrosinase 
In higher animals, however, the 
process is more complicated, 
and before reaching the pig 
ment fonning cells, t) rosin is 
converted into a colourless 
chromogenic substance known 
as dih} drox} phenylalanine 
(D 0 P A ) This substance, on 
reaching the pigment forming 
cells, IS converted to melanin b> 
a spccidc intracellular ferment, 
called bj Bloch dopn oxydase 

The conversion of dapa into 
melanin in the melanoblasts 
may be demonstrated «n vitro 
Blocli demonstrated that sec 
tions of skin soaked in a solution Fic 3T Sjmmetncal mclanomaor front 

of dopa showed deposition of of chest 

melanin in only those strata 

m uliich pigment formation normally occurs (viz., the deeper lasers 
of the epidermis), and this behaviour of the skin is known as the dopa 
reaction It is Iikelj that the dopa reaction resembles \ erv closely, or 
IS identical with, the normal process of melanogenesis The reaction 
IS onl> ev idcnced m those cells m which dopa oxj dase is present, , 
m cells that arc melanoblastic, actively or potentially , and the 
results suggest that melanin formation is almost entirelj a function of 
tissues derived from ectoderm, and of the skm m particular 

^Vhen dopa is applied to frozen sections of human skm the basal 
layers become blackened, due to the deposition of granules of melanin 
in the cj toplasm of the cells, and the intensity of pigment production 
coincides with the existing amoimt of pigment present in the skm 
exammed The dendntic cells of the epidermis, referred to above, also 
show a positive dopa reaction, but the pigmented branched cells of the 
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corjum (mcHiiopliorcs) nre dopinegntne suggesting tliat the mclano 
phorcs nre not of epidermal ongm, and that thej do not produce, but 
mcrel% carT> pigment 

In some pathological states there ma> be generalized or localized 
diminution of pigmentation of the skin, in others there maj be an 
increase In albinism, there is total absence of melanin from the 
skin hair and eje,and the dopa reaction of these structures is negative 
In \itiligo, the reaction is negative in the depigmented areas of the 
skin and is stronglv positiv e in Uie adjacent rones of hj'per pigmenta 
tion In Addison’s disease, brovni pigmentation may be uniformly 
distributed throughout the skin surfaces of the bodj , or it maj be 
rehtiv elj excessiv e m certain areas It is behev ed that the precursor 
of 'idrenalm is identical vnth dopa, and that when the suprarenal 
glands are diseased tliev are unable to utilize their normal quota of 
the mother substance , therefore, it is surmised, the pigmentation of the 
skin IS ev idencc of a compensaloiy action of the Tnelanoblasts to utilize 
the excess of ehromogeme agent AccordingK the dopa reaction of 
the skin in Addison s disease is weak, because the dopa ovjdase has 
alrcadv been utilized iii the formation of melanin pigment 

TVPES OF MELANO'IA 

A melanotic tumour or melanoma arises most often in tlie skin, 
rarclj in the eje or m other parts of the bodj It is usuallj present at 
birth and the term ntrus (Latin turns— -a birtlimark or blemish) 
mav be applied to it, less 
commonl), it becomes 
obv lous about pubertv , or m 
j adult life There is ev idence 
that a melanoma mav result 
from trauma 

A congenital melanoma 
is represented in simplest 
form bj a flat or shglitU 
raised pigmented spot or 
macule I\Tien more pro 
nouncccl it may take the 
form of 8 vvartj, p«lun 
culated, or liairj mole 
Sometimes tumours of this 
class are verj numerous 
and may be disposed in 
Tie 38 Sc<«tKlanl> v melanoina of groups or in irregular lines 
acanthotic and keratoid U-jirs Tbep^men (systematized and linear 

(Zatofuioorp/AiyiiJceO-^ro/rAyncii,*, foim large diffuse 

patches, sometimes distri 
buted symmetncally on the trunk or limbs (giant melanoma) The 
bathing trunk pattern of diffuse pigmentation, sometimes found m 
association with generalized neurofibromatosis, is an exaggerated 
example of this variety 
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Most melanomata are simple tumours and remain so throughout 
life , but some, after remaining unchanged during many years, may cn 
large and show signs of malignant^, and occasionally a melanoma 
IS malignant from its onset According to these modes of behaviour, 
the melanomata may be described conveniently under three headings 
(1) benign melanoma, (2) malignant melanoma arising m benign 
growths, (3) malignant melanoma arising de nouo 

(1) Bemgn Melanoma 

Tno mam types of benign melanoma may be lecognized (a) the 
“ hard ” or secondarily pigmented melanoma, (6) the “ soft ” oi tKsvus 
cell melanoma The two types can be distinguished only by histological 
examination, and the essential difference is that in the former type, the 
secondarily pigmented melanoma the pigmented cells he entirely 
within the epidermis, whereas m the latter type some of the characteristic 
cells of the tumour, the so called nievus cells, he deep to the epidermis 
in the coriura 

“Hard" or Secondarily Pigmented Melanoma This should be 
regarded as a warty growth which is pigmented, and m which the pig 
ment appears to play an entirely sulwrdinate role It is peduncu 



Tio 39 Benign nxvus-cell meHnoma Note the groups of nievus celN 
regulatly arranged in the upper part of the conum and the thiclvening 
of the overlying epidermis 

IZahofaiory ef Collegt «/ Piftieiaiu oj Bdirttiirgh ) 

lated or sessile and may be discrete or aggregated It may arise 
from the stratum corneum of the epidermis f/rercfoid or from the 
pnckle cell layer (acanthotic type) These tumours differ from other 
forms of melanoma in that they seldom become malignant, and that, 
when they do, they gn e rise to typical squamous cell carcinoma, not 
to malignant melanoma 

Soft or “ Nzevus-ceU ’* Melanoma Tins tumour consists of 
aggregations of cells in the deeper layers of the epidermis as well as m 
the corium The cells m the epidermis are usually elliptical and non 
fibrillated, and are arranged m groups or cell nests, which cause expan 
sion of the rete processes of the epidermis 

The cells m the conum ore round, mostly non pigmented, and 
arranged m regular groups or columns These cells are known as 
ncEvug cells and they are cliaroctenstic of this type of tumour The 
niBvus cells are separated from one another, and from the epidermis, by 
a variable amount of connective tissue The cells are of spherical shape, 
with scanty cytoplasm and a round or oval nucleus which has a definite 
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epidermis He stated that, “the process could be traced from the 
localized areas of pigmentation of the basal cells, through a senes of 
cell transformations occurring in those cells, to the formation of intra 
epidermal cell nests’ , and that “in the intra epidermal formations 
the epithelial cell, having lost its intercellular fibrils, becomes detached 
and actively proliferative, assumes a spindle or star shaped form till 
finally the cell group or its component cells break through the transition 
zone betiveen epidermis and conum, leaving the superficial lajcrs to 
heal up while thej themselves migrate and settle in the upper cotium 
where they undergo regressive processes, and become the atrophic cells 
of the n«vus They arise, liowever, as mclmoblasts and remain 
potential melanoblasts though they become depigmented and give up 
their pigment to chromatophores on the periphery of the cell groups ’ 
The researches of Masson, which have been amplified by Ewmg 
afford equally strong evidence that the nievus cell is a derivative of 
specialized cells found in association nith tlie sensory nerve ends m the 
conum or m the epidermis or m both Their Mews have now gained 
general support , they certainly offer a simple explanation of the 
pigment changes found m neuro fibromatosis — itself a disease affecting 
specially neuro-ccto 
dermal structures — 
suggesting the active 
participation of epithe 
hum m a melanoma 
may be referred to the 
growth of specialized 
cells belonging to the 
nerve end apparatus 

(2) Malignant Mela> 
noma (Arising in a 
Bemgn Growth) 

The presence of 
melanin m the cells of 
a simple melanoma 
appears to lead to a 
state of instability and 
a tendency to malig 
nancy It is sometimes 
observ ed that a benign 
melanoma that has re 
mained unchanged 
during many years 
unexpectedly shows 
enlargeracnt increased 
vascularity and finally 
malignancy The change may occur spontaneously, or it may be 
initiated by trauma The signs of malignant change maj appear 
gradually, or they may occur with great suddenness manifest by x^i 
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!ocal infiltration, enlargeraont of Ismpb glands, or the appearance of 
metastases In otlier cases evidence of malignant change is evidenced 
b% local recurrence after reioo'al of an apparentlv simple growth 
It IS important to realize that increase m size mav be an mconspicnous 
feature of malignant transfoimalion, for, in some sites, such as the 
nail bed and the erebali the tumour mav be eslremeh small, and 


m3\ hare escaped detection, and in such cases, •mdespread metastases 
often occur without apparent enlargement of the prnnars growth. 

Transition to mahgnano in a benign 
^ melanoma appears to be a dual process and 

^ caused b\ ptobfoation of the quiescent 
ip a\*v narvTis cdls and the roulbphcation of new cells 
denred from the surface epithebum, especial!} 
X the rele processes Histologicallv, these 

changes are marled bv the appearance of 
larger protoplasmic forms of “n»vus cells,” 
which often show two nuclei These cells 
tend to become free from the pre-eiistrag cell 
groups and to form isolated masses Coincident 
with these changes the rele processes m the 
£ ^ epidermis increase in number oitra mnable 

■}ji *,* •- ‘-'ll distance and become hroad and clnb^baped. 

due to proliferstioD of the cells withm them 
^ ^ dillereDl parts the rete processes nipturr, 

j rd and pale protoplasmic cells penetrate mto the 

iS conuai, where Ihev proliferate and give nse 
\ steUale or spindle^haped forms with a 

I variable de g ree of pigment (see Rg 40) 

,v'' »v-c 


p (3) Melanoma (Ansmg de novo) 

( , ^ vz.A 

>. A mai^ant melanoma mayoccur at almost 

, V anv point on the surface of the bodr, but 

^ ,* * common sites are the forehead, the neck, the 

j. abdominal wall, and a na3 fold. The naflfoM or 

. - 4 commonest of aU In some sites 

“ the pnmarv tumour remains small although 

Fib «. S mtn ocolir metastases inaj be numerous , in others the 
TDctaaoma »iiij mnlu* tumour Ina^ grow lapidlv to a large size and 

tbe Dodols are non- In general, a malignant melanoma may be 
regarded as the most aggressive of all tumours. 
It has pronounced infiltrating characters and 
tberefore spreads widelv by direct extension 
In addition it ttnd> to invade the Ivmph vessels, giving nse to 
metastases in the regional Ivmph glands The tumour cdls may 
actuallv grow m the lymph vessels and give nse to multiple and/or 
massive secondarv growths m tbar course The secondarv deposits in 
the Ivmph glands are frequentU mote detplj pigmented than the 
pnoiary growth. 
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In man\ cases a malignant melanoma metastasizes by the blood 
stream and gives rise to multiple secondary growths in the lungs, bram, 
liver, kidney, and skin Metastases may be so numerous and widespread 
that the condition is known as generalized melanosis In a few cases 
the secondarj tumours are non pigmented or only pigmented m 
patches A tendency to spontaneous retiogression of the metastases 
has been observ ed in a few instances Iri^a few instances of generalized 
melanosis careful search has failed/tb reveal the primary focus In 
some instances a metastatic tumour does not come to light until 
mmj years after the remov al of the primary growth 

Histologicall} , the most strking feature of the malignant melanomata 
IS the diversity of their sfractiire, and according to the form and 
configuration of the cells they may be divided into three main groups 
{!) melano carcinoma, in which cells of epithelial character are 
arranged in alveoli, (2) the melano sarcoma, composed of spmdle 
cells , and (3) melano endothelioma Transitional forms may occur 
or there may be striking variations within the same tumour 

Ocular melanoma arises from those parts of the eye which normally 
contain pigment It occurs most often in the conjunctiva, the 
chonoid, and the pigmented layers of the retina, and more rarely m 
the Ills and ciliary body Usually il is highly malignant. 

■Melanoma of the bulbar conjunctiva does not differ greatly from 
one m the skm It forms a fiat diffuse growtli which often overlies 
part of the cornea It tends to recur after operation, and removal 
of the ey e may be necessary for its eradication 

Intra-ocular melanomata arc of two varieties, (a) circumscribed^ 
and {b) diffuse 

(а) The circumscribed tumour is often lenticular m shape It 
usually occurs in tlie choroid, from which it may spread to the 
subretmal space, and then assumes a mushroom shape The sclera 
resists invasion for a considerable lime, and, as a result, there is great 
disorganization of the interior of the eye After the sclera is m 
filtrated extension to the perforating arteries or the optic nerv e occurs 
■Metastases, usually in the liver and lungs, may develop while the 
primary growth is exceedingly smalL I<ocal recurrence after removal 
of the eyeball is not common 

Histologically, this type of tumour shows great structural poly- 
morphism, not only in the different tumours but in the same tumour 
The commonest appearance is that of a pigmented spindle or round- 
cell sarcoma Pigmentation is irregular and may only be present m 
groups of cells or the pigment may be in clumps between cells 

(б) The diffuse tumour is characterized by longer duration of 
growth and by a greater tendency to spread by the perivascular lymph 
channels The cells in this type are polygonal or spindle-shaped and 
vary considerably m their pigmentation 

Dawson claimed that all the ocular melanomata were of epithelial 
origin, and that the histogenesis was the same as m melanotic tumours 
of the skm He based his claims on the essential structural similarity 
of the skm and the conjunctiva, and on the neuroectodermal origm of 
the normal pigmented cells of the retma and choroid 
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IRRADIATION OF TU'IOURS 

Iccieising B:>e of \ tavs zsd tadnsa la the treateysit cf ttUBoars 
TT^^»v^^ fc— tha to be fin^Tf^r rntti tfee patliolog’cal 

rcsoits vhxh lasr fonaw excessive dosage br these tvpes o' irradiation- 

In geiraU ti« eTeets of X-«vs and of the gamas tavs of radrcm 
are «^in 2 a»-, except that X -avs bec" necessarilv applied eitcniaDv, 
have their csaxnssi effect cpon the late^csieat, TThereas rzdiicn if 
introdn'-ed befcnr the 'nrfaee acts pna cpaDv open the ttssnts munr- 
diatelv aronnd it. The disturbance mav eoBstr‘n*iocaI cr local, and 
in C’th-r isav be acute o* chronic. AcP^e effects are seei m 
pstKsts as a result of excessive expesnre to the ravj, whereas chronic 
efr<*ets occ ur nsnsllv la radioiojists, the rtsali of prolonged and 
rep''a‘ed piadatioa. 

Cosstitstiosal Effects of Irradabon. Acute constitutional dis- 
turbance ts inan-fest wtthm a few- hjrrrs cr s fe^ davs of th* time of 
rrradiabon. When mlA, it ts diaractemed bv headache, isalase, 
sncrexia etc wl^ <eve*e it mas lead to vomitir^ danhas, 
prostration and death. Tb- tossnua re^xHisTi’e fee* these mamfesta 
t^ 3 SS has b**ea att 3 Tbi:*ed vanouslv to aetdosis, alhalosis destn.ctioa of 
white Kood cells djsiategratwaoflralhin,derasgr{QectofthecoIS>idaI 
eonflamnn, and alteratioas la ehloide diS*rilwtroD la the bodr fhuds 
Chrome eoastihrtjosal effects are diapaelmzed pngeip a Pr bv d'g-oera 
tivr changes m the blood focn-n^ ttssnes SetoDdarr ansnia develops, 
with kuropdia and a relative }rmpN>cr*osu Sonselmies leuksmia or 
aplastic »n--«*rnct snperveses 

Local Effects of ItradatKro. The loeal effects of irradiatKn varv 
greailv dependbg, QQ the one hand, opoo the inltsisitT and duration of 
the cxpugUf c and, on the othe upon the radosessiti-ntc of tb^ tissues. 
The radioseis'tmtT is a vanab!* laeto-, fo- i* depends tot etlv upon 
lb- tvpe of ctJL ^50 cpxa their 5*ate of actmtv at the tene o' 
giadiatKSi. In genera l, ll» mas* «nsi*^rvB of Eo*tnal celh, are the 
gcTn ceCa, the Irmphocrtes, and the fcjgfelv spectalged pareaehvtia’oess 
ceCs of TBcera, espec ia Hv the Irve-, sp’^en, thyroid glsod wal bon^ 
narrow AD cells are most senrtivc d Jneg grovrth and nmltipiKatioa. 
Tl»se aspects form the basis fir- tZ ynipv m certain con nal^nsat 
diseases. Tbos treatment bv \ tav or radram is vahisb’e in certam 
fermsof bvper tbvTotdsinand i 3 5om»dfao*dsrs o'tl^splrco and bone 
marrow It also affords rebef m certain cCajcniato-v cordrtions, 'or 
ciamp^ derraatitis, dTrertiechti? and rheumatoid arthritis, alihoogb 
Its mod- of set»a in these dispenses u not icwfcfstoodL 

The Joeal ae*icsi o'cradiatioa tas bea mves^ig" ted mcpt thoroogfclv 
m tb- shia. than eJiehere When tb- sfcm ts exposed to a sia-f- 
“ overdose " of irradiation i* mar exhibi* anv degree of dama-e from 
mild ervlberua to a de^ bam. These effects are tisnaDv not manifest 
untn several davs after exporore Inadiatioa liums are <isrmcte-iDjd 
b- feZore to heal denng lo!^ penods, for the irradiaboa effects aa 
oWitcrative eidartentis with fib-osis of the sur-oandmg tissues, and 
eoiispsiiaentlv the s4k^ arc »V»w m sepes-atms a=d the processes of 
repair are delsved 
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If msufficient to produce such acute effects irradiation ina\ result 
m changes that become manifest onlj after a period of weeks or 
months The cells of the hair folhcles and sweat glands are often 
deslrojed, and consequently the hair subsequently falls out and the 
skin becomes dry and shmj Often the skin becomes deeply pigmented 

Repeated irradiation of the skin may give rise to chronic dermatitis, 
and this may lead to an “ irradiation carcinoma ” (X ray carcinoma) 
Such effects are almost limited to radiologists, and, as a consequence of 
the former practice of holding the fluorescent screen in the unprotected 
hands tliej are situated most often on the dorsal aspect of the fingers 
It IS interesting to note that an irradiation bum such as results from 
simple o\erdo«age shows no special liability to the development of 
malignant disease The chronic skm lesions are due essentially to 
endarteritis obliterans, pens’asctilar flbrosis, and cedema of the cutis 
1 era, as well as to secondary changes in the epidermis The nails become 
corrugated and brittle, and e\entually separate from the matrix The 
skm becomes red shmy and atrophic, and later pale, drj and thickened 
Sometimes ulcers de^elop, which tend to penetrate deeply and to 
remam unhealed during long periods Later, multiple papules and 
ivarty nodules appear, the harbingers of cancer 

Irradiation cancer arises usuan> on the basis of one of the warty 
nodules It occurs as a late manifestation, and may develop many 
} ears after the Anal exposure to irradiation In some cases two or more 
independent carcmomata arise The growth has the microscopic 
characters of a squamous cell carcinoma, but since the tissue is fibrous 
and the l>mph vessels are extensively obliterated the growth spreads 
slowly and metastasizes late 

Effects of Irradiation on Tumours In accordance with the general 
concept that the radiosensitmty of cells varies according to their 
activity, tumour cells are generally more susceptible to irradiation than 
normal cells, and the celb of malignant tumours are generally more 
susceptible than those of simple tumours 

If a radium needle be implanted m a tumour, its effects vary in 
different parts of the tumour mverselj os the square of the distance 
Immediately around the needle the tissue, both cells and stroma, 
rapidly undergoes necrosis, and eventually forms sloughs^ small or large 
according to the dosage In the zone peripheral to this area the cells 
undergo a form of coagulation necrosis and are destroyed, but the 
stroma, being less vegetative, survives, and consequently no gross 
sloughmg occurs In a zone more peripheral, the rays destroy only a 
proportion of the tumour cells more particularly those in mitotic 
division at the time Other cells not destrojed are believed to be 
subjected to inhibitory influences which have the effect of restraining 
their growth 

In irradiation therapy the aim is to effect maximum tumour destruc 
tion with mmimum damage to the normal tissues This object is 
achiev ed by accurate estimation of suitable dosage and careful distribu- 
tion of the needles so as to attain a uniform field It is generally 
believ ed that successful treatment is enhanced by the use of relatively 
small amounts of radium over a long period which ensures that during 
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Jill Unit' of irradiation a greater number of raahgnaut cells will enter the 
plinsc of mitosis and thus become «speciall> vulnerable. 

'i lie above mentioned effects of irradiation upon tumours relate to 
the cells of the tumours It must be observed, however, that the stroma 
also IS affected The raj s cause thrombosis of the blood and gn e rise 
to on obhteratne endarteritis, and subsequently the> lead to fibrosis 
and obstruction oftheljmphvesseb. TImsthej reduce the vasculantj 
of the tumour, interfere srilh the nutrition of the tumour cells, and 
delay or inhibit extension In some cases the imdiation gives rise to a 
local infiltration by lymphocytes, plasma cells and eosinophil leucoen'tes, 
and these may possibly lias c some antagonistic effect upon the inradmg 
malignant cells 

Radium Poisoning. Poisoning by ingested radium has oeemred 
in a few instances, notably in Orange Citj, New Jersej’, where girls 
employed in painting clock dials with luminous paint were affected. 

The pigment used for this purpose contained minute amounts of 
radium, together witli mesothorium and rndiothormni, and the 
poisoning was due to ingestion of these substances from licking pamt 
hriislKs After absorption, the radium and tliorium comjioands was 
btond in cells of the rcticuto endothelial sjstcni, pirticuhrlj m the 
l>one marrow, and remaining there permanentl) they disdiargc alplia 
partnlcs and exert a profound effect upon neighbouring cells. At an 
early 6tago they gaic rise to a “radiation osteitis,” characterized bs 
increasing sclerosis of the bones If oral sepsis coexists, necrosis of the 
law IS ft common result. Later, sometimes sev eral years after absorption 
of radium has consul, s-arious forms of fatal anxmia and leukirmi'i 
t>ijp(.rvcnt.d 

An intircstiiig late effect of radium poisoning is the deselopmcnt 
Ilf )x>iu niirroma, gcnerpllj of a rapidl) growing eolliilar tjpe It 
wppoirs tlint the long contimie<l irritatiic action of the rodium, first 
ni/imf(i)t ns prohferatiie osteitis, cscntiinIK pi "ises the cells to 
/unpliisth hypcrpl'isift 
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CHAPTER Vm 

DISEASES or BONES 

Tm: problems of osteogenesis, normal and pathological, remain tiie 
subject of unabated controversi Bone has been described as a con 
nective tiaue impregnated \nth hme salts, but, though true enough, 

simple statement giNcs no indication of the complicated structure 
of bone, so beautifullv adapted and adaptable to bodfly needs, nor 
of its manifold functions in relation to tnetabolism and its responses 
to hormonal influences These anatomical and physiological considera- 
tions have such a close bearing upon the pathoIog> of bone disease as 
to necessitate a detailed account of them 

ANATOMY OF BONE 

For illustration a t>pical long bone will be considered Such a bone 
consists of a shaft or diaphyns and of two extremities or eptphyses 
During the period of growth the diaphisis is separated from the 
epiphvseshi plates of hi aline cartQage, the epipTiyrtol earfiloger Some 
bones possess, in addition, seoondar> epiphyses or apophyses, which are 
separated from tbe diaphysts or the prizna?} epipb^-ses by plates of 
cartilage 

From the pathological standpoint tbe most important part of a 
bone is the mrlapfijin# tbe region of cancellous bone immtdiatclj on 
the diaph>sial side of the epiphysial cartilage This is the region from 
which all lengthwise growth of bone proce^, it is the most vascular 
region of the bone, and it is the r^on most liable to mjurj For these 
reasons it is especially apt to be mrolved la trauma or m infective disease 
m childhood or adolescence, and it is especial]} affected bj any inter 
fercnce with the normal processes of calciiication and ossification during 
those periods It is ako the region most subject to tumour formation 

Blood Supply The dislnbulion of bl<^ vessek in bones is of 
importance in determining tbe sites affected bj disease 

In a typical long bone the sources of blood supply mav be classified 
as loYiows Tiie nutnent artery, 15) penosteol artenes, (3) mela 
phisial (juxta-cpiplijsial) and epiphysial arteries 

(1) The nu/rt«it artery is a vessel of considerable size, which supplies 
the major portion of the bone It enters the bone usual!} atitsnuddJc 
third, in a dmection obliquely away from the larger mctaphysis Inside 
the bone the artery divides into two pnneijial groups of vessds, which 
arc directed in the long axis of the bone towards either end of the shaft 
They terminate at the metapbysis by anastomosing with other icsseLs 
to be described below 

(2) The pmosUal artenes are fine twigs winch supply tlie stipcrCcial 
lay CIS of the cortex of all parts of the bone They ore large and abundant 
m childhood, scanty and small m old age 
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(3) 2 he metaphysial (juxta epiphysial) and the epiphysial arteries are 
fine vessels derived from the arterial plexus (the circulus vasculosus of 
Hunter) vhich form a network encircling the bone m close relation to 
the joint capsule These vessels penetrate the periosteum and cortex 
to reach the metaphvsis and epiphysis respectively, and they terminate 
by anastomosing with the terminal branches of the mam nutrient 
artery Thus it w ill be seen that the metaphj sis, the region of maximum 
bone growth, is supplied by three sets of blood vessels (1) terminal 
branches dern ed from the mam nutrient artery , (2) metaphysial 
arteries, (3) epiphysial arteries that lia\e penetrated the epiphysial 
cartilage These anastomosing \essels at the metaphysis are large and 
tortuous, and consequently at this region the blood flows slowly and 
any blood home organisms are apt to be arrested 

The abo\e description applies to typical long bones In short and 
irregular bones the blood supply is somewhat different, and is deri\ ed 
principally from periosteal arteries, and to a less extent from one or 
more “ nutrient ’ arteries In the short long bones of the hand and 
foot the blood supply is derived principally from single nutrient arteries, 
ivhich pierce the shaft and immediately break up into fine twigs In 
mfiucy these bones possess no metaphyses, and consequently diseases 
such ns tuberculosis ongmate m the centre of the shall 

Microscopic Structure of Bone All parts of a bone are pervaded 
by channels of various sizes, relatnely few in compact bone, numerous 
m cancellous bone The large channels arc the Haversian canals 
These nm mainlj m the long axis of the bone, and they contain 
connective tissue, blood \essels, nerve filaments, and lymph channels 
In addition, the large channels of cancellous bone contain marrow 
elements Around the Haversian canals and communicating with them 
are the lacuna: which contain the bone cells, the branched cells of 
the connects e tissue framework which preside o\cr the nutrition and 
metabolism of the bone The branching processes of these cells 
occupy minute channels or canaliculi, which ramify in all parts of the 
bone 

Around eacli Haversian canal the bone is arranged m concentric 
lamellai, which with the canal, the lacun® and their canaliculi constitute 
a Haiersian system Near the surface of the bone a different arrangement 
obtains The lamellie here lie parallel to the surface and are nourished 
by blood \essels of periosteal origm l>ing in the Volkraann’s canals 
These superficial lamells are pierced by perforating fibres of wlute 
fibrous and elastic tissue, which are connected with the periosteum 
and witli the msertions of tendons and ligaments 

It will be noted how admirablj a bone is constructed for its essential 
function of providing a rigid support The Haversian systems arranged 
longitudmally, and the superficial lamellis arranged parallel to the 
surface, give longitudinal stability, whilst the fibrous and elastic tissues 
give elasticity and strength Bone may be compared to a plaster of 
Pans bandage, m which the gauze is represented by the fibrous and 
cellular parts of the bone and the plaster by the calcareous part 
Incinerate a bone and only the calcareous material is left , place it in 
strong mineral acids and only the fibrous structure remains 
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It sliould be obsen ed that m spjte of its hardness and densil\ bone 
IS a ^er\ vascular tissue, unlihe tliat other component of the sXeleton, 
cartilage It is for this reason that boneso readilv undergoes decalcifies 
tion or other changes in response to metabolic or hormonal influences, 
or from the effects of local lesions such as tumours, aneurj sms, or 
infections 

THE GROWTH OF BONE 

The majontj of bones are formed in cartilage, and only a few, 
including the bones of the cahanum and some of the facial bones, are 
developed in membrane Since bone formed m cartilage is especialh 
subject to diseases, the process of endochondral ossification will be 
described in some detail 

Bone formation starts in the clavicle in the fifth week of infra 
uterine life, and in many other bones a short time later The ossifv mg 
process begins near the midpoint of the bone and spreads thence 
through the whole diaphvsis Secondary centres of ossification 
appear later in the epiphises and apoph\'ses, and later fuse with the 
shaft 

Microscopically , in the process of ossification several distinct changes 
roaj be recognized wherebj thecartilagefirstprohferates, then becomes 
calcified and finally is replaced by vascular bone forming connective 
tissue The cartflage itself is not ossified , it znerelv provides a cellular 
matrix suitable for the growth of osteogenic connective tissue The 
stages of bone formation may be recogni^ as three distinct zones m a 
growing bone, ettendmg from the pre formed byahne cartilage at one 
end to the completed bone at the other The first zone is the sone of 
pjvUferaUon of eartilagf The cartdage cells increase m number and in 
size, and they become arranged iD columns disposed in the long axis 
of the bone The number of columns is constant in each bone The 
second zone is the sone of provistonal ealcijicatian, where calcium 
phosphate is deposited from the blood stream forming a narrow band 
extending the whole width of the bone so that when the bone is cut 
longitudmally it appears as a thin white transverse Ime In diseases 
associated with deficient calcification this white hue may be absent or 
replaced by a broad irregular area of grevish colour The tlurd zone is 
the sone of repjaemeni of eartihge by osteogenic Usstie Capillary y essels 
gyww jviyr av j'egynVv eoibramr iSwnr f esseiV nr tfviyemg- dumr Me 

band of calcified cartilage, and the new bone is formed around and 
between these y essels Along with the yessels come small dark staming 
cells or osteoblasts These are specialized connects e tissue cells which 
ate generally regarded os the speciGc bone forming cells , their function 
being to elaborate an osteoid matrix in which calcium is deposited to 
produce bone os we recognize rt VThen the bone lias been formed tbe 
osteoblasts remain as " bone cells *’ 

THE REMODELLING PROCESS 

Bone IS not an inert and immutable framework, but a In mg tissue 
adjustetl to meet the yaried forces imposed upon it This is eyidenced 
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most strikinglj during growth of the skeleton The primordial bone 
at the metaplusis is relatuely soft and vascular, nnd is not fitted to 
meet the stresses imposed bj gravitj and muscular action It is adapted 
to these requirements bj a process kno\iia as rcmodellmg, by which the 
bone becomes compact or cancellous according to the functional requure 
ments of the part The remodelling process is the factor that decides 
the ratio between sire, stability and strength m bones and is probablj 
brought about bj manj agencies, mduding chemical organizers, the 
restraining effect of the periosteum, and the action of the muscles 
The joung bone at the metaphjsis is often more bulky than future 
requu-cments demand, and by the process of remodelling it is reduced 
in quantitj and increased m density to attain the requisite thickness 
nnd compactness of the shaft Examples of failure of the remodelling 
process during skeletal growth are found in the dj strophies now grouped 
under the title diaphysial adasis (see p 129) 

In adult hfe the remodelling process effects alterations in the 
structure of anj part of a bone, according to its special needs An 
outstanding example of this is seen vrhen the statics of a bone is altered 
by the union of a fracture in faulty alignment. To meet the altered 
axis of weight bearing the bone and callus assume a dense lamellated 
structure in the new lines of pressure, whereas parts subjected to less 
stress are relatu ely porous 

RELATION OF BONE TO THE METABOLISM OF CALCIUM AND 
PHOSPHORUS 

The elements calcium and phosphorus hav e an important part in 
many metabolic processes, and are essentia! for such basic activities 
vs the mechanism of the heart beat the contractility of muscles, the 
irritabihty of nerv cs, and the regulation of acid base reactions The 
role of the skeleton is to act as a storeliouse for these elements, and 
thus to ensure a constant lei el m the blood so that it is not surprising 
that any disease which affects calcium and phosphorus metabolism is 
reflected in the bones 

Calnuim. and. phnsphntus axe obtamed from the food by absorptiou 
m the alimentary tract, and such portions as are not utilized are elimi- 
nated in the feces and urine 

Calcium IS absorbable only in soluble form Its absorption is 
therefore impaired when there is an excess of phosphates or alkalies m 
the diet, which leads to precipitation of the calcium, or when fat 
digestion is incomplete, a condition leading to precipitation of calcium 
soaps Vitamm D, in virtue of its r6le in facilitating fat digestion, is 
also a necessary factor in the absorption of calcium 

Calcium IS held m solution in the blood m a concentration far in 
excess of its ordinary chemical solubility Part of it is adsorbed on to 
the serum protems The remainder is in ionic form, and is probably 
maintained in supersaturated solution by the agency of the parathyroid 
hormone 

The calcium and phosphate ions in the blood are in chemical equili 
brium with the solid calcium phoi^hate of the bones, and are therefore 
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subject to the Ians of lomc dissociation Consequently, an uitrease in 
lomc phosphate in the serum leads to dimmution of the serum calcium 
and to deposition of calcium phosphate in the bones Conversely , a 
reduction of the ionic phosphate leads to increase in serum calcium and 
to mobfliEition of calcium phosphate from the bones This latter effect 
IS seen dimcally m cases of acidosis, where the buffer phosphate is 
excreted and consequently decalcificatioo of the skeleton is brought 
about It IS seen also in hyperpatatby’toidism, for the effect of an 
increase of parathormone is to remove phosphate from the blood and 
thus to cause decalcification 

Calcium metabolism is thus dependent upon a great number of 
factors , adequate diet, unimpaired fat digestion, sufficiency of 
vitamm D, mamtenance of the hydrogen ion concentration of the 
blood, and proper functioning of the parathyTOid glands The internal 
secretions of the pituitary and tbyTOid glands also play some part in the 
process Thus pituitary disease leads to gigantism and acromegaly, 
and sometimes marked skeletal decalcification Thyroid dysfunction 
causes bone atrophy m exophthalmic goitre and dwarfing in cretinism 
Even the sex glands ate related m some way to the whole process Their 
eoonexioa is not obvious m the human^ but m animals it is sometimes 
of great biological unportance In the stag, for example, the growth and 
suteequcot casting of the antlers is intimately related to the seasonal 
sex cy clcs, and. as John Hunter observed, if the animal be castrated its 
antlers are shed prematurely 

It seems probable that the mineral salts of bone are held in a com 
plexmolecule which mcludes calcium phosphate and carbonate along with 
magnesnim, sodium, potassium, chloride, fluonde and hydro-^l 
groups 

Robison has shoirn that the deposition of calcium phosphate from 
the soluble salts in the tissue is effected through the agency of 
an enzyme, phoaphaiate This en^Tne has been shown to be present in 
greatest concentration m tissues in which ossification is actively proceed 
ing It acts pnmarily by hydrolysing the soluble phosphoric ester, 
with liberation of free organic phosphate If a sufficiency of calcium 
salts be present, the resulting increase in the concentration of phosphate 
ions leads m turn to precipitation of the complex calcium carbonate 
phosphate molecule The activity of phosphatase appears to depend 
upon the hydrogen ion concentration of the blood, and is greatest when 
the pH IS deflected towards the acid side — the condition normally 
present in growing bones or in healing fractures 


THE lidLE OF THE PERIOSTEUM 

In 1741, Duhamel, a French sqtuie of scientific inclination, making 
use of the recently discovered method of staming bones in ciro by the 
oral admmislration of the dy e madder, found that increase in girth of a 
bone IS due to the formation of layer upon layer of bone under the 
periosteum, just as the increase in diameter of a tree trunk is due 
to the activity of its cambium layer On the basis of this expen 
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mental observation he formulated the theory of the essential osteogenic 
function of tlic periosteum, n theory ■which 
ever since has been the subject of contro\ers> 

Oilier, of Lyons, uas the great protagonist [ 
of Duliamel’s theory. In his classical work [ 
uhich appeared m 1867, and which contained 
many valuable observations on the growth of 
bone, he claimed that the periosteum of young ^ 
subjects IS capable of osteogenesis even when I 

separated from the bone and buried in muscle, 1 

and he showed that in adults also the peri ( 
ostcum continues to exercise tins function when wjHS ) 

stimulated by trauma or by infection t A 

On the other hand, there is the view, whicli ( jS 
Macewen has powerfully supported, that the ^ y| 

periosteum has no bone forming property, but 
IS merely a vascular fibrous membrane whose |K la 

function 15 to limit bone growth Macewen, 
as a result of a senes of masterly expenments l ra 

and observations came to the following con y^la 

elusions (1) That the periosteal flaps described ^ 

by Ollier were not osteogenic unless spicules ^3*1 

of bone adhered to them , (2) that the life, |hHh 

growth, and repair of a bone are not affected 
by removal of its entire periosteum, and 

(8) that after subperiosteal resection of the | 

shaft of a bone the new bone is formed, not 

by the periosteum, but by a dual process Regeneration of 

or proliferation from the cut bono ends and phSlatomy’’” TLdlt 

(in vouth) of compensatory overgrowth of the gram taken four months 
metaphyses This last conclusion was sug subpenosteal te 

. *, % . , i_ .1 i_ section of a part of the 

gested by experiments in which the bone i,b,ai diaphysis Note 
ends after partial diaphysectomy were covered the thick mass of new 
by metal caps , after six weeks the defect was sclerosed 

. * i i vv. u vv which has grown from 

niiea ov new none, ana at this time uie caps the upper fragment A 

were found to be approximated, indicating thm wedge of bone from 

that the new bone was derived not from the !roas°jTOl3y'«n“r 
periosteum but from what remamed of the the periosteum 
original diaphysis 

As has been stated already, the “battle of the periosteum” is not 
yet concluded, although many of the apparent discrepancies have been 
settled It has been suggested that the periosteum may best be 
regarded as a double lay ered membrane The outer layer is thick and 
fibrous, and its function is one of limiting and vascularizing The inner 


or “cambium” layer, which is active only in youth, is a thm layer of 
delicate connectne tissue contamiog numerous osteoblasts, and its 
function IS osteogenic This cambium layer is more intimately con 
nected with the cortical bone, from whicli it takes origin than with the 
fibrous periosteum, and it may with advantage be termed the eptosttum 
(Hey Groves) 
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\11iate\er \news are held regapding tl»e function of the periosteum. 
It IS bcjond doubt that it takes a \epy important part in pathological 
processes affecting bone The periosteum acts as a capsule or restrain 
mg merabranc to bone, and a ^ne cannot alter its shape or exceed its 
normal limits unless the penostcum be remo\ ed, raised, or stripped 
\\ hat sometimes is called “ expansion of bone ’ suggests tliat bone is 
distended bj pressure from within but as bone is a rigid structure such 
a belief IS obviousU unacceptable Expansion of bone is dependent 
on the periosteum being raised bj some agencj , such as trauma or 
temporarj or recurrent effusions, and a simultaneous softening and 
decalcification of the underlying bone 

MECHANISM OF BONE FORMATION AND RESORPTION 

Smec Goodsit in 1845 first applied the microscope to the studj of 
bone growth, it has been assumed almost uniiersally that bone is a 
product of the vital activity of specific cells IcnowTi as osteoblasts 
These are cells, wntli dark staining protoplasm, which show 

a tendency to arrange themselves in lajers m apposition to the bone 
trabeculas In jouth the osteoblasts are present in large numbers under 
the periosteum and at the metaphjsis, the two regions where bone 
formation proceeds most activcl) They are present also, in either 
}OUth or adult life, at nearl) all sites of osteogenesis, physiological or 
pathological 

Most pathologists prefer to regard the osteoblast os a speaflc type 
of mesoblostic cell whose purpose is to provide a matrix (ossein or 
oateoid tissue) for bone, just as tbc fibroblast is specialised to produce 
collagen fibrils Probably the osteoblasts take no part m the deposition 
of calcium, which is determined more likely by physico chemical processes 

Besorplion of bone consists essentially in the conversion of the 
insoluble crystalline calcium pliospbale of bone into soluble or colloidal 
calcium phosphate It js generally accepted that resorption is effected 
m part by halistercsis — a phy sico cbemical process in which the calcium 
is wilhdravm by the agency of the body fluids — and in part by the 
vital octivity of the osteoclast cells Tlicsc osteoclast cells are niulti 
nucleated giant cells with the characteristics of foreign body giant cells, 
and they are present around many sites of physiological or pathologicil 
TfKf’aevtanoftsfj reguriftif as'pAagocjfrc wond’enng 
cells, or as modified osteoblasts 

Lenche and Pobcard have suggested that bone results from a 
metaplasia or metamorphosis of pnmitive mesenchyme, which is 
brought about bv a combination of environmental or physito chemical 
factors, rather than by the action of any specificially endowed cells 
They point out that bone formation occurs always in young mesen 
chvmal tissue sustained m certain physical characteristics, and tins 
tissue they call an ossifiable medium Bone formation depends first 
upon the presence of such an ossifiable medium, and, secondly, ujion 
the presence of an adeijualc supply of readily assimilable calcium 
According to this hypothesis ossifiwlion depends upon local adjust- 
menu of the circulation, and a mdependent of the action of osteoblasts 
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In our opinion the greatest importance of the work of Leriche and 
Policard lies m the prominence they give to the action of circulatory 
changes in modifMng the behaviour of bone In general it may Ire 
stated that excessiv e blood supplv (h 3 T>ercmia) is associated with bone 
resorption, and comerselj diminution in blood supplj, other things 
being equal, nith sclerosis Tliese views regarding the changes 
induced by alteration of.ihe vascularitv of bone serve as a valuable 
means of interpretation for many pathological phenomena, especially 
in radiological studies of bone diseases 
\ 

HETEROTOPIC OSSIFICATION 

The development of bone jin tissues remote from the skeleton is a 
rare but mterestmg process, the reason for which has prov ided consider 
able speculation Heterotopie ossification has been observed quite 
frequently m the scar of an otd abdominal incision, and it may occur 
in an old hasmatoma, m the wall of an aneurysm, m tumours, and 
m many other situations \ 

Ossification in the perichondrium of calcified costal cartilages is 
another example of tfie same phenomenon It is most common in 
the upper and more stationary ribs It usually allecls elderly people, 
but it may occur in young subjects, especially if they suffer from 
cliromc pulmonary disease that leads to fixation of the chest wall 
The ossification begins close to the sternum and is first apparent near 
the surface of the cartilage 

In " mjositis ossificans progressiva,” bone formation of a heterotopie 
character is found on a large scale The new bone is preceded by 
calcification and by a proliferative change in the fibrous connective 
tissues of the muscle (see p 214) 

The bone formation occurs always in relation to fibrous connective 
tissues and in structures that may be regarded as in a state of functional 
disuse or death and it is always preceded by deposition of lime salts 
such as is of common occurrence m healed tuberculous nodules in lymph 
glands blood v essels, or in scar tissue in many other situations 

In the past heterotopie ossification was generally attributed to the 
actmtY of osteoblasts derived from local or distant sources Thus 
ossification m the abdominal wall vvos ascribed to injury to the pubis 
or xiphistemum, with consequent liberation of osteoblasts , whereas 
ossification in other situations was thought to be due to the action of 
osteoblasts migrating from the blood stream into the mjured tissues 

The present day view is that tlie presence of specific cells (osteo 
blasts) IS not essential, and that if the requisite conditions of vascularity 
and calcium supply are present any prunitiv e mesencliy mal cells may 
assume the osteoblastic function 

UNION IN FRACTURES 

It is customary to describe tliree stages in the repair of a fractured 
bone (1) the stage of blood clot and granulation tissue, (2) the stage of 
callus, and (3) the stage of ossification These divisions, though rather 
arbitrary , serv e to mark the various phases of healing m bone 
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Soon afier fracture the bone rads and lacerated tissues about them 
are surrounded and infiltrated by b!ood-dbt, which may rary in 
amount and in distribution in different fractures. Xewly formed 
capillaries invade the clot, along with phagocj-tic cells and fibroblasts, 
wWch slowly replace the dot by a vascular granulation tissue. If the 
fracture is esamined after about ten days the ti^es will be found to be 
verv gelatinous, and a clear, slightly pink jelly covering the ends of the 
bones will be observed. A little later calcific material b deposited in the 
which, at this stage, is sometimes known as the pro-callus. 

In the intoTnediate stage of repair islands of new bone appear 
in the caldum-infillrated granidation tissue, and to this mass of 
newly formed bone and proliferated tissues the name callus is given. 
The carlv callus is usually soft and forms a roughly globular or spherical 
TTingg between and at the ends of the bones as well as for a variable 
distance in the surrounding soft parts. The amount of callus and its 
disposition in relation to the bone rads is verv* variable and is influenced 
by many local factors. The portion outside the bone and beneath the 
true periosteom is known as the extonal callus ; that which plugs the 
intenor of the bones is the internal callus ; and that connecting the 
actual fragments is the intermediate callus. When healing is complete 
only the intermediate callus pertists, and throughout life it shows a 
slightly greater density than the adjacent bone. 

The amoimt of callus which is deposited at the site of fracture is 
very variable. It depends, among other things, on the site of the 
fracture and the degree of damage to the bone. Thus it is greater in 
oblique or comminuted fractures than after simple transverse fractures 
or after osteotomy. In greenstick fractures the amount of caDtis tends 
to be relativtly large, probably as » result of haemotTbage from the 
vascular periosteum. In fractures of the skull therejs little or no callus 
fonnstioD. The amount of callus tends to be increased by movement 
durmg the repafr of the fracture. 

Evidence of bone resorption may be very readily seen in radiograms 
taken at intervals after fracture. They show decalcification and rare- 
faction of the bones at the site of fracture and for a variable distance 
beyond it. The result of such resorption b appreciated if the fracture 
b exposed at operation, when it is found that after about ten days the 
bone ends have lost their sharp spiculation, and are more porous and, 
as a result^ less readJy adaptable to oun another^ If Wiked. Cic> the. 
jelly-like pte-osseous substance may be found on the fragments ; it may 
be regarded as the primitive callus in which deposition of lime salts is 
to occur prior to actual bone formation. Xew bone is rarely apparent 
until about the tenth day, and twenty-five days usrially elapse before 
the callus becomes firm. Toughening of the callus is probably caused 
by the gradual retum of the local rirculatory conditions to normal. 
At an early stage of the fonnatioo of a maas of callus a thick and 
cedematous covering of periosteum is found. Later it becomes tough 
and fibrous and forms an investing membrane at the site of union. 

Delayed union or non-union is often met with in the long boD«, and 
there are some sites at which it is especially common. These are Uie 
neck of the femur in old subjects, the distal tiurd of the ulna, tlie distal 
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part of the tibia, the middle of the shaft of the humerus, the patella and 
the olecranon Non union is very common m fracture of the carpal 
na^ icular and of the cal\am 

hen the fragments of bone are exposed m a case of non union of 
long standing their ends are generally found soft, spongy and rarefied 
Sometimes absorption has taken place to such an extent that a con 
siderable gap separates the fragments In some instances, especially 
those associated with pseudartlirosis, there is sclerosis of the ends of 
the bones, especially of the distal fragment which may be cup shaped 
Sometimes an encysted collection of serous fluid is found within the 
fibrous capsule uniting the bones 

Non union may be attributable to constitutional or local causes Con 
slitutional predisposing causes are not well defined It is generally 
stated that severe an'cmia, wasting diseases, sypluhs, diabetes mellitus 
and chronic renal disease predispose to non union, but it seems probable 
that their importance has been. o\er estimated 

Local predisposing causes of non union are of three mam varieties 

( 1 ) mechanical hindrance to the approximation of the fragments and 
their union by callus, (2) interference with the normal biological process 
of new bone formation, and (8) inadequate immobilization Sometimes 
the factors are combined 

(1) Mechanical hindrance to the approximation of the fragments may 
result from wide separation of the fragments or from mterposition of 
soft tissues such as muscle and fascia Actual new bone formation may 
be attempted, and the bone may imade the interposed muscle, hut it 
IS deposited in the axis of the muscle fibres and lies at right angles to 
the fragments, and is thus of no value in cementing the fracture 

(2) Interference witli the normal biological process may result from 
infection, pre existing disease in the bone, derangements of the local 
circulation (as by rupture of a nutrient artery), and other factors 

Infection is an important cause of non union and accounts for the 
frequency of this complication m compound fractures The presence of 
a foreign body may further militate against repair Infection may 
disturb the processes of union in several ways (a) by causmg necrosis 
of the fragments, (6) by causing destruction of the young bone forming 
elements, (c) by delaying the nonnal process of new bone production to 
such a period that some of the essential factors for osteogenesis are lost 
Such is the part played by fairly severe infection, but in the presence 
of a mild degree of infection, union is often very firm and attended by 
an excess of callus 

Pre existing disease of bone such as cysts, tumours, or osteomj elitis 
may determine non union, but it is remarkable that not infrequently 
union may occur even m the presence of extensi\e local disease 

(3) In the repair of some fractures a slight degree of movement 
IS regarded as beneficial, and many surgeons encourage active 
movement of a fractured bone from the onset None the less, there 
are many sites at which this practice must be regarded as injurious and 
likely to promote non union. Many indeed believe that the most 
fruitful source of non union is faulty immobilization, especially such as 
permits of repeated slight shearing or torsional strain at the bone ends , 
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and it IS significant that those fractures ^vhicb fail to unite are precisel} 
those which are difHcult to immobibze corapletelj Experience in the 
management of common fractures such os that of the carpal na\ icular 
and the femoral neeh m old subjects has afforded con\ incing evidence 
of the imporxance of securing firm fixation of the fragments and pro 
tection of the developing callus In intracapsular non impacted 
fracture of the neck of the femur non union is almost iii\ariable unless 
immobihiation is obtained Following immobilization, secured pre- 
fecablj bj operative means, firm union results in a considerable number 
of cases Non union at the neck of the femur is associated usually 
with marked absorption of bone locally and • cupping of the distal 
fragment, nbich, formerlj, iras attributed to atrophy as a result of 
rupture of the nutrient \essels, but, more likely, the disappearance 
of bone and the non union are due to disturbance of the callus induced 
bj the trauma of recurring slight mo\ ement, or to aseptic necrosis of the 
proximal fragment 

In fraeture of the carpal navicular, union js uncertain unless move- 
ment of the wrist and carpal joints is abolished during treatment The 
non muon resulting from too early resumption of mov eroent ran 
generally be ov ercome by prolonged munobdiwvtion 

In some situations it appears that excessive mechanical traction 
ma> be responsihle for delajed union as a result of undue separation 
of the bone ends 


TRANSPLANTATION OF BONE 

Bone transplants are commonly employed in orthopxdic and plastic 
surgery They are required most hequently to restore conlmuity and 
to promote imion of a fractured bone Sometimes they are used to 
bridge the gap resulting from injury, necrosis or operative interference 
In other instances they are of service to immobilize a tuberculous 
vertebra, to deepen the acetabulum m congenital dislocation of the hip, 
or to stabihze a flail jomt« 

The transplant may consist of livmg or of dead bone Living 
bone may be derived from the same subject (autoplastic) or from 
another individual of the same species (homoplastic) Bead bone is 
usually derived from another species, and is conveniently obtained 
from ^ef bone that has been boiled and suitably shaped Occasionally , 
portions of iv ory m the form of pegs or nails are employ ed 

Autoplastic transplants are most generally useful They may be 
demed from near the site of intended implantation, for example, the 
bone adjoining a fracture, or from some other part of the skeleton such 
as the subcutaneous surface of the tibia, the proximal end of the fibula, 
or one of the ribs A single laige transplant or a number of small 
fragments, “bone chips”, may be usaj Custom, circumstance and 
Ingenuity play a prominent part in determining the site for obtaining 
the transplant, and the ease with whidi a transplant may be taken 
from the tibia makes this the favourite source The ribs, though 
accessible and of suitable curvature for many purposes (e g , repair of 
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defects in the skull), do not pioMde satisfactor} transplants on account 
of their lack of substantial corteT 

The Fate of Bone Transplants This k a problem on which there 
IS no general agreement Transplants of dead bone (such as beef bone 
or uorj) arc generally belies ed to subserie two principal functions 
( 1 ) to gi\e stability at the site of impl'intation, and (2) to act as osteo- 
conducti\ e agents, scailoldings along winch new bone maj be deposited 
The dead transplant acts as a foreign bod} and stimulates a reaction on 
the part of the surrounding tissues 

Transplants of In mg bone gi\e stability and act as osteo conductne 
agents, and m addition, it is belie\ ed, the} encourage osteogenesis It is 
bclie\ed that the} serve this purpose best when transplanted ivith the 
periosteum retamed 

The \nabiUtv of a living transplant is a subject of contioaersy 
The ^^ew most widel} held is that a thm superficial layer of the 
transplant survi\es, the cells of tins part acquirmg nourishment from 
tissue fluids and effused blood serum The remamder of the transplant 
dies and then functions as a dead transplant If the transplant be 
exammed forty to sixt} da}S after its implantation it will be found 
to be rarefied, and the Haicrsian canals are wider than normal, 
and are m^aded by granulation tissue and newly formed blood 
\ essels 

Radiological studies show that m most cases the transplanted bone 
IS gradual!} absorbed, and simultaneously new bone is formed m the 
tissues around it It must be noted, howe\er, that m some bone 
transplants, notably pegs inserted into the marrow caMt} and trans- 
plants used for spinal fixation, the shadow of the transplant is visible 
for man} years In such cases it must be conceded that the transplant 
either has li\ed unchanged or after serving its purpose has become 
incorporated in the tissues as a foreign body. 

OSTEOMYELITIS 

Any inflammatory process involving bone and marrow maj be 
called osteom}elitis, but the unqualified term is generally restricted to 
non tuberculous lesions due to pyogenic micro organisms The disease 
ma} follow direct infection from local sources, as in compound fractures 
or from an open wound, or it ma} result from hiematogenous infection 
derived from distant sources The baematogenous t} pe will be described 
first It IS pimcipally a disease of childhood or of adolescence, and when 
it does affect adults the pathological process is somewhat modified 

ACUTE OSTEOMYELITIS 

Tins IS a common disease, and, if untreated, a serious one Boys are 
affected three times more frequenti} than girls, and most often between 
the ages of three and ten years • 

In the great majority of cases the infecting organism is the staphy 
lococcus aureus The staphylococcus albus or streptococci are some- 
times the causal agents, and occasionally in }oung clnldren pneumo- 
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COCCI The origin of the infectiOTi is not alwaj s obvious Sometunes a 
boil or septic abrasion in the skin is present, sometimes the tonsils 



Tic 45 S<ptic osteomytliUs of the 
tibia of tlireeandabalf years dura 
tion in a man agied twenty jwais 
There i» a massne invohicnim per 
forated by numerous cloacic through 
which a large sequestrum may be 

(J/WfUtn CeUf^^e/Svrgronff 

the circumference st the epiphj-s 


are inflamed, but verj frequently 
it IS impossible to detect a primary 
focus 

Ih most cases the disease appears 
to start as a septicjeras The cir 
culatmg organisms then settle in 
fai curable situations m the bones 
and there lead to an scute suppura- 
tive inflammation Often there is 
a history of a recent minor injury 
to the aflected bone, and probably 
a sTnalt traumatic haimorrhage 
forms the nidus favourable to the 
growth of the infecting organism 

The septic$mic phase may be 
of short duration, or it may be 
prclonged during several day s In 
the latter e\ent multiple foci may 
detelop m seieral bones, siniul 
faoeously or in succession 

The Local Lesion The hone 
focus IS generally situated m the 
metaphysis, which is the region of 
most actue growth and consists 
of immature vascular bone, easily 
traumatized 

The infection then spreads (1) to 
the surface, causing subperiosteal 
effusion, (2) down the medullary 
canal, and (3) rarely through the 
epiphysis The infection traverses 
the Haversian and ^ olkmann’s 
canals in the cortex, and erupts 
under the periosteum, raising it 
off the bone surface Since the 
periosteum is closely attached to 
lal cartilage the infection does not 


spread towards the joint except in certam regions, such as the iup, 
where the metaphysis is intm articular ^Tlien the periosteum is 
elevated from a wide area the small periosteal arteries become 


obliterated, and the Wood supply to the cortex is impaired 
Superficial portions of the bone undergo necrosis and may later form 
sequestra Rarely the principal nutnent artery to the bone may be 
occluded by thrombosis, and then the greater part of the diaphysis 
dies 


Fortunately, liowerer, this extensive necrosis is much less frequent 
than examination of museum specimens suggests 

In cases treated promptly and adequately bv penicillin necrosis 
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IS pare but radiological examination shows -nidespread rarefaction of 
the bone, ^\hicli maj persist for a long time In sucli cases, probably 
oa\ing to hjper^mia, the lengthwise growth of the 
bone at its metaph}*sis maj be greatly accelerated 
In untreated, cases if necrosis occurs, the dead 
portion of bone is at first continuous with the living 
but demarcation is not long delayed, its surface, 
denuded of periosteum, is smooth and slimy and 
white, when percussed it emits a “dead” sound, 
and when pierced it does not bleed Around the 
margins of the dead bone there rapidly de\eIops a 
foreign^body reaction, and small portions of necrotic 
bone may be completely absorbed, but large ones 
remain until extruded or removed by operation 
The sequestrum, when completely loosened from 
its attachments, lies in a cavity m the bone, and 
interferes with healmg, often for years Secondary 
infection is an important factor m aggrasatmg and 
prolonging suppuration 

Acute Osteomyehtis m Adults 
Osteomyelitis is much less common in adults 
than m children, and, since the genera] resistance 
to staphy lococcal infection seems to be raised the 
disease is neither so rapid m progress nor so 
uniform in character In adults there is no meta 
physis, and such local predisposing factors os result 
from the rapid growrlh of bone are absent Con 
sequently, any part of a bone may be affected 
Trauma often seems to be a definite predisposing 
factor, and such exposed regions as the medial 
surface of the tibia are likely to be affected The 
course of the disease is slow and the symptoms ore 
less sea ere 

Acute Osteomyelitis in Speaal Situations 
It IS noteworthy that the more peripheral the 
bone affected the less severe is the disease The site 
most commonly affected, the proximal end of the 
tibial diaphysis, is fortunately one of the least 
dangerous, and the superficial position of the bone 
facilitates early recognition of the disease When 
the upper end of the femur is attacked constitutional 
features ate usually pronounced, and in early child 
hood the hip jomt is often involved At the distal 
part of the femur the loose attachment of the periosteum on the 
underlying cancellous bone favours early abscess formation m the 
popbteal fossa, and from depnvation of blood supply to the bone 
massive sequestration was foimerly a common feature 

Osieomyehtis of the vertebra! is a rare disease, affecting adults more 


Fig 4C Osteo- 
myelitis of the 
tibia Almost 
the whole dia 
pbys IS has onder 
gone necrosis 
and IS seen as a 
smooth shiny 
sequest rum, 
surrounded by a 
rough, irregular 
mvolucrum 



124 wsr^rs OF bo\es 

o*\ei ch3dT«J If tfc** infection an<e» in a spinous process or lamina 
tfc" pus mas maLe its wav to tie surfece and do little damage, but 
if the verteb'al bodv i> diica?^ the condition is more serious Tie 
deep situation the laci. of localizing snoptoms and the great constitu 
tional distuibanee combuse to obscure the diagnosis , compheations 
from spread of infection to ntal struchnes rap dh superrcne 

In the cemcal reg’on an abscess wh-ch develops in the prevertebral 
space mav pass to the mediastmom , m the thoracic r^on mediastinal 
c^uhtis and cmpvona commoalv occur , and in the lumbar region a 
rap dll extending psoas or an acute pennqihnc abscess mas form 
Fiaallr, th“ infection mav pass toiranU the spinal canal and gis e nse to 
spinal meningitis 

Ofitvrtythia cf the ptl~\e hone* is a scnotis disease and the profound 
constitutional disturbance umaBv overshadows the local features of the 
infection. Anv of the bones mav be affected, usually m relation to one 
ofthe manvepiphvsial cartilages, especiallv the pubo-ischial From the 
ilium an abse^ mav develop on the pelvic aspect or superfictallv 
under cover of the gluteal mti^es From the pubis the abscess mav 
rupture into the bladder, and a sequestrum maj even perforate it 

CHRONIC OSTEO'IYELTnS 

Chronic osteomyelitis is usually a legacv of the acute disease, but it 
mas arise msidiousU and pursue a slow course. 

In the t^*pe that suc c e ed s the acute disease there are usually one or 
more sinuses communicating with the exterior The surface of the bone 
IS rerv irregular, either over its whole extent or over one end of the shaft, 
and it IS thickened by new subperiosteal bone At the metapbs’sis, or 
extending for a variable distance within the bone, there is an abscess 
cantv, sometimes of considerable ilunensions Around the cantv the 
bone becomes greatly mcreased m densiti , and the neighbouring marrow 
canty isobhteratedby new bone formation. Sometimesthereareseveral 
small Canties witbm the sclerotic bone. 

Apart from lingering or relapsing infection the prmcipal factors that 
prei ent healmg and mamtam the disease m its chronic state ore the 
rjgiditi of the wall of the bone canty , and/or the presence of one or more 
sequestra within it Small sequestra may be discharged at intervals 
Utoxfo^ vatiOis, imi •s.vmrtmres smaU fnigmente oI Trone mnwate to 
the surface many years after the original infection even after hevlm® 
of the skin Massive sequestra are usualh entrapped wjthm the 
imolucnim and until liberated constitute a source of continued 
suppuration 

The infidipfir /onrt of chronic osteomyelitis due to staphylococcal 
infection is somewhat rare It usually affects adults Scants or 
anrulcnt organisms carried by the blood stream are deposited, usualh 
at the raetaphy sis, and here give rise to a low grade inflammafon 
reaction The so-called Brodies abscess commonli results This is 
art abscess m the bone, most cmnmonly in the proximal end of the 
tibia less often in the distal end or in the femur or the humerus or 
more rarely elsewhere The cavity hes m the central axis of the bone 
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and IS at first close to the mctaphysis, but may be removed fiom it as 
the bone grows The abscess is usually of small size, a centimetre or 
less m diameter, buried m sclerosed bone Overlj mg it, the surface of 
the bone is often irregular from new subperiosteal piohferation. The 
abscess sometimes remains for years with little sign of activity , and in 
these circumstances it often contains sterile gelatinous granulations and 
IS surrounded by a fibrous wall No sequestrum is present as a rule 
ith more active infection the abscess may enlarge and become filled 
with thick pus, from which organisms may be cultivated 

A Brodie’s abscess may remain unrecognized for a long time , 
occasionally for many years Pain of a dull aching or boring nature is 
felt in the bone, especially at night, and the neighbouring joint may be 
the scat of recurring effusion A striking feature is the great sensitive 
ness of the bone overlying the abscess A radiogram displays the 
caA ity surrounded by dense bone. 

Chrome Hypertrophic Osteomyelitis. Osteomyelitis may be chronic 
from the onset and may then result in extensive hypertrophic changes 
m the affected part, usually one of the long bones The infecting 
organism is usually the staphylococcus aureus The disease tends to 
affect young adults, but sometimes it occurs m later life The 
commonest sites for this somewhat rare type of osteomyelitis are the 
lower end of the femur, the upper end of the humerus, and the tibia 
It has been observed also m the clavicle and m the radius 

When seen at operation the affected part of the diaphysis shows a 
fusiform thickening due to the deposition of new lamella: of bone 
beneath the periosteum The periosteum and bone at the affected area 
are abnormally \ascular, and the marrow cavity may be obhteiated 
Generally there is no suppuration nor sequestrum formation, but 
occasionally a small abscess is encountered. The infecting organism 
can usually be cidtii ated from excised bone chips 

The condition is associated with aching pam and slight swelling 
of the affected limb, and movements of the neighbouring joint are often 
restricted and painful Intermittent slight rises of temperature are 
often noted, and exammation of the blood shows a slight polymorpho 
nuclear leucocytosis, seldom higher than 14,000 cells per c mm 

jTiStf nnpunJiri'cce" cf/ Abif •’Ar I'esiawibUi’rcir Air 

sarcoma, and very careful and repeated radiological examinations or 
even biopsy may be required to establish its nature 

Typhoid Osteomyelitis 

In the septicaemic stage of typhoid fever the bacilli appear to find 
the bone marrow a favourable nidus, and it has been shoivn that they 
may be cultivated from this tissue alm(Kt ns frequently as from the 
spleen Moreover, they may remain latent m the marrow long after 
the original disease has subsided, yet cause no symptom until awakened 
to activity, perhaps by some mild trauma or other disposing factor 
Typhoid osteomyelitis arises usually from four to six weeks after 
the onset of the fever, but it may appear montlis or even jears 
later The ribs are affected most often, especially in the neighbourhood 
of the costo chondral junctions, and the cartilage close by may also be 
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alfected In other cases the sternum, the 
bones of the pelvTS and the spine, the ulna 
or the tibia may be miolved The disease 
takes a mild course, either insidious in pro 
gress or with recurring mild exacerbations, 
and there is usuallv Jittle new bone forma 
tion, and onlj slight tendenc> to the forma 
t ton of sequestra Sometimes the bacilla arc 
present in pure culture, and the pus is then 
scanty and rust coloured from altered 
blood More often there is mixed infection 
with B cob or tiaj>y\Dcocct, and the pus vs 
then of the tjpe characteristic of these 
organisms 

Osteomyelitis Following Local Infection 
Any open wound communicating with a 
bone, a compound fracture, burn, or an 
nbseess m the neighbourhood of a bone, is 
apt to lead to some degree of osteomy ehtts 
Ibe extent and sereriU of the infection 
vaiy m ditTerent coses, depending partly 
upon the nature ond virulence of the infect 
ing oiganisms, and parti) upon sucli other 
factors os the amount of damage to the 
soft parts and the amount of foreign 
material introduced The severest lesions 
are those associated with much dcntaliza 
tion of the bone or soft tissues, as in 
gunshot wounds and street accidents, and 
if a virulent infection is introduced the 
nhole bone inaj undergo necrosis Jfinor 
mjuncs with sbght infection may lead 
merely to superficial inflammation (pen 
ostitis) or perhaps to necrosis of small 
flakes of cortical bone 

A classical example is osUomyelihs oj 
an amputation tlump, and m what may be 
called the amputotion era of surgery many 
specimens of this allectioa found their way 
into museums The open medullary canal 
formed a read} route of entrj for 


Fig 47 \ macerated specimen of Ibe distal 

tiro-thirds of the left tibia and fibula iUus< 
troting tbe development of osteophytes which 
commonly occurs in a chnmc leg nkier 
TJie new bone formation i* most abundant 
nt sites of muscuiai attachment and in the 
plane of the loteroaseoua membrane 


organisms, and these ucre 
spread widely along the 
bone or remained near its 
extremity In the latter 
case a sequcstnirn usually 
resulted, which involved a 


short SDnulsr portion 
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ot the cortex, often 'nith a longer tapenng portion of cincellons 
bone 


Bone Changes resulting from Adjacent Inflammation 
The bones adjacent to an acute infliunmatory process may share in 
the regional lij’perfcmia and undergo considerable osteoporosis which, 
m some situations may lead to gra\c effects One of the most 
notable examples of this process has been observed m the upper 
cervical \ertebrje in association with acute inflammatory lesions of the 
pharynx and of the glands of the neck The hyperzemic decalcification 
of the ertebre particularly of the atlas and axis may allow of loose 
ning or separation of the mter\ertebral ligaments resulting in forward 
luxation or dislocation of the atlas The displacement may occur 
spontaneously or from triiial violence It may occur without com 
plications but m some cases it has led to compression of the cord 
gn mg rise to quadriplegifl , m others the compression has been fatal 
W hen the local inflammatory process is less acute as for example 
in a chronic ulcer of the leg the reaction in the underl} ing hones is 
quite different The inflammatorj liyperajmia \\luch may \ary m 
mtensitj from time to time leads to a proliferative reaction m the 
periosteum and effus on beneath it New bone formation occurs 
inegulatlj as osteophytic outgrowths beneath the periosteum and m the 
interosseous membrane (Fig 47) and its form and distribution ms) 
be modified by grai ity or by muscular action 

SYPHILIS OF BONES 

The hones may be affected in both the secondary and tertiary 
stages of acquired sj^ihilis or in inherited syphibs Nowadajs the 
disease is seldom seen 

In general, the pathology is fundamentally the same as that of 
sjphilis m other tissues but modified by the special anatomical and 
physiological attributes of the bone The bone at the site of the lesion 
may undergo temporary decalcification and partial destruction but 
later when the ^ascularlty of the part diminishes it is apt to become 
sclerosed 

The bones most liable to syphilitic lesions are the tibia sternum 
ulna cl'i\ icle and the skull In the long bones the lesions are situated 
usualK in the diaphy ses and consequently sj-phihs of the hones unlike 
tuberculosis rarely leads to joint involvement 

Secondary Stage In the secondary stage of acquired sy philis the 
bones are liable to be mvolved after the period of the skm eruptions 
Tlie tibia is affected most often Commonly there is a periostitis which 
is mild and transient The periosteum is infiltrated with round cells 
and becomes painful and tender to pressure In some cases multiple 
areas of fibrous tissue develop — penosteal nodes — v\hich, m superficially 
placed bones like the tibia, may be obvious as localised tender swellings 
Tertiary Stage In the tertiary stage of acquired syphilis the bones 
may be affected either by localize gummata (single or multiple) or by 
a diffuse gummatous osteo penostitis 
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Gvrtncia affect the tibia oftea, sod are sittiaied geoeraDv at the 
proadmal thud of the d»phj?is. Thestermia also is affected fr^uesstlj*. 
Sofflelhnes the gusuaa softeas ia the ctfJtre aial breals down 
to fona aa abscess cr ulcer of ^sarscteristje app e a r a nc e, srith an 
indurated, sbaiplv defined, *‘panAed-oirt” tpsr^n and a ceBowfeb 
sloajbm" base. ThenlcerpitTOdesan acejjtie for supeadd*^ infecljoti, 
and a septic osteoravelitb may thta develop, ^fcich may resolt m 
necnKisoftheboo^aBds^ipi^trnm-faiinatioa. Eveitjjallyaaiilcsaied 
gumma may heal, leanag a glazed, yeflow-colotired scar. Gosmatoiu 
^cers develop most often in relabon to the bones of the skull, and 
supcr-add'd mfectioa tsay then lead to suppuj^ioa inside the cranium. 

Dsffute gumr'dout Cfin-pfriodisit results from an infiltiatioa 
sumlar to the localized infiltration of a gumm^- The diaf&ysis of the 
tibsa IS affected frRjuectly. The bone cvcctijany undergoes sderos^ 
and much new bone of dense stmctme is forroed, both on the 
surface of the shaft and within its taairo^ cavity. The bone is 

greatly ineseaE*^ in 
weight. The perio>- 
tcum is th«iKi<d, 
and adheres firmly to 
the surface of the 
bone, which Is 
grooved and trrtgular. 
The marrow cavity is 
escrcschfd cpra and 
may be totally 
obliterated. 

Inhenled Syphilis. 
Some of the bone 
lessons of inhented 
syphilis may be con- 
genital, whereas others 
develop daring child- 
hood and adolesceacse- 
SyphiUUe orffOiAon- 
drit'u or epiph'jritit is 
one of the ccznmonest 
ofthe early lessons. It 
occurs usually during 
the first six months of 
life, and it affects 
espeoaDv the lower 
end of the femur, but 
also the tibia, the fib- 
ula, or the bones ofthe 
forearm. O.'tcn the 
affecticQ is moltip'c 
and bilateiah Being painful, the lesions prevent free movement, and 
the hmbs may appear to be pat^ysed (pseudo-paralysis of iafanev), 

Gummeto, and divine gwnmetwa t>tUvpfrIo3lUir may occur in 
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iiilierited sypliilis. They !iavc the same cliaracters as in acquired 
syphilis, and tend to affect the same bones, especially the tibia and 
sternum. The tibia is liable especially to a diffuse osteoperiostitis, and 
as a result it becomes greatly thickened and sclerosed. Usually it 
becomes curved, with the convexity anteriorly, and is flattened from 
side to side, the so-called sabre tibia. Sometimes the sharpness of its 
margin is obscured and the bone may then resemble a cucumber in 
shape. 

Syphilitic dactylitis is a form of osteoperiostitis affecting the meta- 
carpals, metatarsals, or phalanges. The proximal phalanx of the index 
finger or thumb is most liable to the disease. New bone is fonned 
under the periosteum, and a cylindrical, sclerotic enlargement results. 
Growth of the bone is interfered witli and the digit may remain per- 
manently short. 

The cranial lejtons of inherited syphilis are now recognized to be 
attributable to the malnutrition and debility associated with the 
disease more often than to a specific infection of the bone. Tims 
craniotabes, a condi- 
tion of decaleification 
and thinning of the 
flat bones, particularly 
the occipital bone, is 
the result of malnutri- 
tion and is comparable 
to tlie cranial atrophy 
seen in rickets. 

"Parrot’s nodes," the 
large bosses of spongy 
bone that form m the 
region of the frontal ) 
and parietal tubero- I 
sities, also have their 



counterparts in rickets. 
Erosions of the bones 
of the palate and nose, 
nbicJi. 

ations of the palate 
and in the cliarac- 


nc. 4*). Syphilitic osteitis of the frontal bone, from a 
child affected by mhented syphilis The diploe and 
outer table are extensively destroyed, and in places 
the inner table is perforated. The ulcerative process 
IS irregular in distribution, and gives a norm eaten 
appearance. 

tfHotfoJ Coliegi »/ Surfeoniof ediniurth ) 


teristic depressed, 

saddle-shaped nasal ridge, are secondary results of combined septic and 


syphilitic lesions of the mucous membranes. 


DIAPHYSIAL ACLASIS (Multiple Exostoses) 

The term diaphysial aclasis has been applied by Keith to certain 
diseases characterized by disturbance of the growing ends of bones. 
The most notable example is the condition formerly known as multiple 
exostoses, but there is much evidence that the rarer dyschondroplasia 
should be included, as well as, perhaps, such conditions as solitary 
exostoses and multiple chondromata, which are usually classed as benign 
tumours. 
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Diaphjsial aclasis usually occurs as a hereditorj disease, and 
sometimes three or four generations are affected Tlie lesions are not 
recognizable at birth but appear in childhood The} are rarel} very 
noticeable before the eighth or tenth jear Males are affected three 
times more comraonlv than females 

The disease is char'icterized bj three associated pathological 
features, but all are not present in every case The three features 
are (1) multiple irregular outgrowths of 
cartilage and bone, (2) failure of bone 
modelling at the ends of the dtaphjsis, 
(3) deficient groirth in length of the long 
bones 

( 1 ) Tlie irregular outgroivths or exo 
st(»es constitute the most obviovis feature 
of tbe disease Thej are multiple and 
often m large numbers The} occur most 
frequently near the distal inetaph}Sis of 
the femur and the proximal metaph}Sis of 
the tibia, but they ma} affect the humerus 
and other long bones, the scapula, the 
members of the peh ic girdle, and occas 
loiiaU} on} other bone formed in cortihge 
Exostoses of this never arise from 
booes formed in membrane, and they 
never arise from epiphyses 

The exostoses are composed of uii 
modelled bone Sometunes they arc conical 
or pomted sometimes rounded and glob 
uiar As a result of continued growth in 
length of the bone affected, the conical 
exostoses tend to pomt obhquelj, away 
from the neighbouring epiphysis Often 
one such conical projection hes at the junc- 
tion of the normal and abnormal parts of 
the bone, 'whereas the globular projections 
usually arc closet to the epiph} sial cartilage 
An interesting feature of the disease is 
Tic so Diapb}-sial aclasis tbat the affected portion of bone is cov cred 

csbslo&es aijsing Irom tbe growth proceeds Ossification proceeds in 
metaphyscs this cartilage, and thus the exostoses and 

lUuttum surface irregularities are formed At about 

the age of twenty to twenty fire, when 
growth normall} ceases the cartilage ceases to form bone and becomes 
calcified ^ot infrequently excessive growth of the cartilage leads to 
the formation of multiple chrondromata, which are most common in 
the bands but may occur m many other situations 

(2) Tlic failure of bone modeUiag when present is seen at the ends 
of the diaph}ses and m these regions the bone is deficient in calcium 
and irreguhr in structure Sometimes large rounded islands of cartilage 
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persist in the bones nnd are \isible m ndiograms as clear spaces m the 
bone shadow Tlie epiplijses are usually unaffected, but occasionally 
they arc small, of irregular outline, and prcmnturclj ossified 

(3) Deficient growth m length is a common accompaniment of 
diaplusial aclasis The subjects of this disease are usually of less than 
a\cragc height, from premature cessation of growth of the long bones, 
and sometimes tlicj are actually divarfed In some cases the paired 
bones m the forearm and leg grow unequally and this leads to deformities 
The Nature of the Disease The precise limitation of the lesions 
to the mctaphjscs of bones formed m cartilage indicates clearly that 
the fundamental feature of the disease is a disturbance of endochrondral 
ossification, and that the disturbance docs not occur in the early embrj o 
but begins after the major portions of the bones haa c been normally 
formed According to Keith, the essential factor is a failure of bone 
modcUmg, the process whereby normally bone newly formed at the 
metaplijsis is remoulded and adapted to become a part of the shaft 
The bone formed after the onset of the disease consequently remains 
unmodellcd, with scanty Haversian systems irregularly disposed, and 
sometimes interspersed with masses of unaltered cartilage The laver 
of cartilage on the surface, from whose deep aspect the growth of the 
exostoses proceeds is believed to be derived from the epiphysial 
cartilage 


DYSCHONDROPLASIA (Chondrodysplasia) 

Dyschondroplasia was described by Olher m ISOS as a disease 
charactcrixcd by irregular ossification of long bones and by unilateral 
dwarfing The term is now applied also to bilateral affections of similar 
character 

Tlie disease may afTi-ct one bone, one lunb or nearly every bone in 
the body It generally becomes manifest in early childhood The 
patliological changes arc most marked m the metaphysial regions and 
do not affect the mid parts of the diaphyses The bone may be some- 
what broadened, and is occupieil by masses of cartilage, which are 
traversed nnd divided by long trabecula? Exostoses may be present, 
and multiple chondromata of the hands and feet have been observed 

The disease is now generally regarded as a variety of diaphysial 
aclasis, but differs from it m that a familial history is often lacking 


FRAGILITY OF BONES 

A bone owes its capacity for resisting stresses and strains to two 
inherent qualities, hardness and elasticity Hardness ofbone is obviously 
due to the mineral content, whereas elasticity depends upon the soft- 
tissue elements, the periosteum, the endosteum, the bone cells and fibres 
Decalcification of bone leads to softening and pliability, whereas 
fragility or brittleness is due to affections of the connective tissue 
framework and may even occur when the mineral content remains 
normal The bones may become ftagde in rickets m infantile scurv y , 
or as a result of erosion by tumours, but the term ‘ fragility of hones ” 
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IS usuallv restncted to certain congenital or inlierited diseases of winch 
fTag!lit> forms the predominating characteristic 

FragiliU of bone maj be prcsait m fcetal bfe, or ma% become 
manifest in childhood, and for convenience of description it is preferable 
to recognize two distinct types, osU<^enests imperfecta, in which the 
fragilit} is evident at birth or in 10^(7, and **famthal fragility T?ith 
6fue sdera,’ which appears in later childhood 

Osteogenesis Imperfecta Tilie subjects 
of this disease are usually still bom, but 
occasionally they survive and may attam 
adult life The bones are excessively 
bnltle, and break under the least stram, 
or even as a result of muscular action 
Fractures are sometunes present at birth, 
and during infancy as manv as a hundred 
raaj occur, and cause much deformity and 
sborteomg of the limbs Union of the 
fractures is usualK rapid, and sometimes 
IS accompanied by excessive formation of 
callus Apart from bemg fragile the bones 
ma> show little departure from normal 
The} are well calci/ied, though usual!} of 
slender build Microscopicsll} , there is 
sometimes evidence of a dehciency in the 
connectise tissue cells of the bone, with 
irregularity in the disposition of the bone 
lamella: 

The long bones of the extremities are 
”i Particularly liable to fracture, but no bone 
jean IS dwarfed andsbows IS exempt The cranium often presents a 
the charartenstKdcfortmly curious deformiU It is of relativcK large 

of the head The femora j , 

are defonned the result cf "O hroad across the temporal 

old fractures and a marked regions Sometunes there is an angular 

waspresenutniinotsBaiked and the Upper parts of the auricles maj be 
projected bteraUv and thus rendered un 
dul} prominent Infantsaflectedwithosteogcnesisimperfectaareusuallv 
bom of normal parents and there is rarelj evidence of an hercditart 
tendenct Death usuaU} occurs at an ear!} age from mtcrcuirent 
disease, but if adolescence is reached the liabilit\ to fractures 
dimiDisbes 

Familial Fragility This is an hereditar} disease, which is transmitted 
in accordance with 31endelian laws as a dominant characteristic It 
affects both sexes, and never “ skips ” a generation 

The fragilit} is usuallj, though not imanabU, accompanied by 
other affections, of which the most obiious are blueness of the scler®, 
abnormal laxit} of ligaments, and a tendenc} to earl} deafness 
Accordmg to ^oo^lloe^e, all these affections are manifestations of an 
underl} ing hereditary hypoplasia of the mesench}Tne 

Fractures do not usually occur before the second or third }ear 
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They do not occur so readily as m osteogenesis imperfecta, nor are they 
so miinerous, and in most cases not more than six or eight occur The 
fractures heal readily with well calcified callus. Fractures are rare after 
the age of sixteen or seventeen jears At this time the bones tend to 
become sclerosed, and in a few cases this process proceeds to an abnormal 
degree 

Blueness of the scleim usually accompanies familial bone fragility, 
but IS not limited to that disease The colour vanes m depth from a 
dark grc} ish blue to “ china blue,*’ and it is most evident immediately 
outside the cornea It is due to abnormal translucency of the sclera, 
which allows the pigment of the subjacent u\ca and \ems to show 
through Abnormal laxity of ligaments is sometimes present and 
predisposes to sprains and dislocations Lastly, many of the subjects 
of this disease are liable to otosclerosis, which comes on m early adult 
life and is steadily progressiie. 

OSTEOPETROSIS (Marble Bones Albers-Schonberg Disease) 

This rare disease, nhich may be familial, affects one or more bones, 
and IS most commonl) seen at the base of the skull in one of the \erte 
fatal bodies, or in a long bone Tlie affected bone presents areas of 



Tig 5^ Osteopoikily , similar changes were present throughout 
the skeleton 
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greatlv increased density, which render it Tcry CTident on radiography. 
The compact bone i5 mvolred first, and later the sclerosis encroaches on 
the marrow ca% ity, almost obhleralu^ it- The remainder of the skeleton 
mav be normal or show a certain amotmt of widespread osleoporosts. 
In a few cases there is an endeat disturbance of c^cium melabohsm, 
and there may be calcium deposits m the Iddneys or the soft tissues 
generally. 

The term “ marhle bones *’ is a misnomer. “ Chalky bones ” would 
be preferable, for the affected bones though sclerotic are friable, and a 
pathological fracture is a common compheabon, 

OsUofoiWy (speckled bones) »s an affection of a kindred nature, 
characterized by the derelopment of multiple small rounded fod of 
dense sclerosis, lying withm the substance of bones wliich in other 
respects appear healthy (Fig. 32). 

ACHONDROPLASIA (Cboadrods'strophia Fetalis) 

This disease, which anses m intra-uterine life, is characterized hy 
disturbance of the normal procesa of endochoadral ossification, which 
leads to dwarfing and to certain familiar defonmfles. The growth 
disturbance is behered to occur betwe» the third and the dxth month 
ol f(^l life, and its effects are bnuted ^efiy to those parts of the 
skeleton in which endochondral ossification is in progress. Sometimes 
llie di«ease is inherited, and often affects seceia! mer^rs of a family. 

The subject of achondroplasia ts rarely more than 4 feet C Inches in 
height, but the trunk is well dereloped, and the dwarfing is due almost 
entirely to shortness of the extremities. Both upper and lower extrem- 
ities are short, and contrast grotesqueU with the trunk. The arms are 
so short that the finger lips may not reach the trochanters. 

The long bones are especially affected. They are sometimes httle 
more than two-lhirds the normal length, but they are broad and well 
calcified. The epiphyses are always enlarged, sometimes greallj so, and 
may be of u re gu lar shape. Fusion of the epiphj*ses with the ^physcs 
may be preiuature, but often it is delaied. and maj even fad to occur. 

31icro3copie examination usuaDy shows that the epiphisial cartilage 
IS narrow and the zone of proliferation is absent, and instead of the tist^ 
dumps of cartilage cells there are small groups of cells separated by 
mtercefiiilar substance. Fibrous tissue, m'sts, mucoid areas and dense 
bone may be observed in vanous combinations. For reason there 
is arrest of the normal growth in length of the long bones wluch remain 
of more or less equal size ; the epiph} ses grow normally, and are there- 
fore proportionatd j greater in size than the diaphj-ses. ' Often the bones 
are bent m an exaggeration of the normal curves, and for this reason 
knock knee is common. 

The head is large, rounded and brachycqjhahe, with prominent 
frontal and parietal emmenees, and the nose is characieristicallv short, 
fiatUned and depres>ed at the base. These deformities of the skTifi 
result from frQure of development of the cartik^e-formed bones at the 
base of the skulk Failure of growth of the base of the skull limits the 
space available for accommodation of the hose of the brain, but this is 
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compensated by an exaggerated growth of the membrane bones of the 
calvaria The %crtebral column may assume a deformity of lordosis, 
and the pelvis is usually narrovred in all its diameters For this reason 
the pregnant achondroplasie is rai«Iy deluered of a living child except 
by hjsterotomy The hands have a characteristic appearance, being 
short and broad, and the fingers are of almost equal length (trident 
hand) Delaj ed ossification is often apparent in the carpal bones, so 
that an achondroplasie child of ten or tnehe jears may ha\e the 
carpal ossification normal for a child of one y ear Achondroplasie dwarfs 
are rcadilj distinguishable from cretins and mongoloid imbeciles on 
account of their muscular and intellectual vigour Moreover, their 
sexual development is normal, or sometimes precocious 


OSTEOCHONDRITIS JUVENILIS 

The term osteochondritis is used to denote a variety of conditions, 
described during the last feu decades, which occur during childliood or 
adolescence and affect the epiphyses The most familiar examples are 
those at the hip, the tibial tubcrositj , the caleaneiun, the tarsal navi 
cular, and the vertebne, but the disease is also knoun to occur m 
almost a score of other situations 

It IS now generally believed that all these various lesions are but 
manifestations of some common fundamental process, modified in 
different situations by local factors The lesions occur nt a definite age 
period, ulucli is determmed by the tune of appearance and fusion of 
the affected epiphj sis, and they occur in epiphyses particularly subject 
to undue stresses and stram Usually only one site is affected, but in a 
few cases more than one lesion has been observed 

The conditions have much in common They occur more frequently 
in bovs than m girls, and often follow slight trauma The course of the 
lesion IS characterized by a short active period, follow ed by resolution 
SjTnptoms are usually mild and may sometimes be absent , in great 
contrast to this, the radiological features are always arresting 

Osteochondritis of the Hip (Leggc Cah d-Perthes) This is a disease 
of childhood and occurs most often between the ages of five and nine 
years It is characterized by the signs of a fleeting synovitis and by a 
sequence of osseous changes which are out of all proportion to the 
mildness of the disability 

The first sign is usually a limp insidious m origin and with or without 
pam cither at the hip or referred to the knee A v a.tiable active period, 
sometimes with a mild pyrexia, is followed by gradual resolution The 
joint usually presents only slight limitation of the movements of 
abduction and medial rotation Mitliin these limits movement causes 
no pain, and there is rarely muscle rigidity or atrophy 

Radiographic exammation shows that the disease affects the head 
and neck of the femur, and to a less extent the acetabulum 

In the femoral head the first change is a slight flattening of the 
epiphysis Then the most characteristic change develops, an appearance 
of “ fragmentation ’ of the bony nucleus of the epiphysis into a number 



136 


DJiEASES OF BO^FS 


of bosv iJ »45 with tcr^ of csteopo’osis Pres<=ntlr th« 

fcfcd l«otas=, n3Q»« Cattened, aad its ts**r»ins cplaved out ni-ishpooai 
fssiaon bevosd t*'*' rcn of tbe acetabolonj- this 'tase th* 
Catt'‘~d d'^^o’rQtd, ** ftannsited ” bead gms » strOang rsdiog-’pii.c 
sr 7 »ea*an« oot of fceepmj widj tbe nulds^s of the srthntK 
La e- s*ill, vh*^ th* h eatmg "ffaere «e»s la, the areas 

disar^y^ tl?* ly'nv i ’ is aad tfc* boc* restirrsss its nonaai 

densrfv and trabeeoLstioa. 


-> ■ Tbe fiatterung d«'b'Ci!^ 

asv rcnais, acd eren 
ii'Cress^ gad Issa to 

osseocs fbaages l£sd> to 
«ofl«ung of th- bo"^, to 
hf v»^ mtr?g and sho'tea-ng 
fc- jjg jjjP* of the neck and to a 

d' ^ ’ e e of coixa rara. In 
tie acetsbahca tie ssac 
eiaages mav occur, leadag 
to the sdaptatwa of i^s 
sTtieolar sor&c* to th* 
altered shape of th* head. 

UlstoVij'eal ard bset 

\ } erwSeg'caJ nresb^ajoas c' 

I j the disease have been eiJiex 

I J cahdpful or m. -ea’isg 

1 ■ -a - ^ Oa ett>osn'*e of tJ^ joint 

the svnovtal imtalraoe Las 
Fkl sa. CMieoei«>irezs t-T» ttiCjST. soiKtnnes been fooad no- 

Caive-Pertl*s>. Ttef-cwa] hB#d*Iww3 t « tu -tj 

tbe &a^=»=tzbKi ud defoKsatca « oth^r cases a nuH 

cbusctsutx o' t&is <!i!«3»e smontzs has beei present 

and the joint has cootamed 
a '■l^hthr turbid, straTr^cokKired £uyL In a case repo 'led br Perthes 
histoJos'eal examination of the tp>pavsis disolsved srhat he rgardrd 
as a noa-inf!aT7irnato-v replacesneal of caia*Ik>us b(»e bv laTadicg 
bads of carti^p- R:-sais*e- on lh» oie- band, de<c-ibed a ca«e 
which, he co''''drred, gave eT3d“sce of an oM infective lesxKi, probabh 
firen an avmdjat p> o^-iac erraa.sm. 

'lanv theo-’Ks hare b'«i advanced to acccam*’ &r the coad-bon. 
It IS now d«£nj*dv recognired that tobeicaJo'S svphUjs and ndLCts 
can be rrrhidfd, and thqgK no endraeg that the disease owes Its O'^a 
to esdoense derangement- At p-ese:t two news boJd the field (o)tfca*’ 
the d-icase ts a low-grad- infiass2S3*o-v lesioa, from annileot o-gamsaa. 
and (i) that th- essential factor is tracma either a <ing!- injorr or 
paiajB repeated stresses and stimas, followed hr alteratwns in the 
blood smjplN to the area aCcc^ed. Th-s latte? view is soj^jo-ted b\ th- 
age and sex rnndfnce of the disease, and bv tie b-storv so comEssordv 
obta-aed of s«ae definite thoc^ ir^yy'i * jnjmv 
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Tiblal Apophysitis (Osgood, Schlatter} This is an osteocliondntis 
affecting the tibial tuberosity , and it usually affects boys between the 
ages of twel\e and sixteen years 

It IS essentially traumatic, a partial 

separation of the tuberosity as the 
result of sudden or excessive 

traction exerted through the fibres 
of the patellar tendon, or of a 
direct contusion The aiTection 

gn es rise to mild discomfort and local , ^ 
swellmg over the tubercle Radio f 
graphically, the changes are similar 
to those at the hip The bony 
nucleus of the apophysis is fragmented, 
and later becomes mcreasmgly dense 
m a patchy manner Its surface 
becomes irregular, and there is either a 
real or an apparent increase m the 
space between the apophysis and the 
diaphysis 

In the majority of subjects the ^ 
tuberosity of the tibia develops os a 
tongue like projection from the 
anterior part of the proximal tibial 
epiphysis, but m a proportion of 
cases the apophysis grows from a 
scp-irate centre, ^shlch appears at the 
“ige of eleven years and usually fuses Fio 54 Tibial apophysitu 
vith the remainder of the epiphysis at 

from tn eh e to thirteen years It has been suggested that osteochondritis 
IS more prone to deaelop m those in whom this independent dei clopment 


Osteochondntis of the Tarsal Navicular (Kbhler) This condition 
occurs in younger children, between the ages of three and eight years 
It has an insidious onset, with slight pain on walking a limp, and some 
pain and tenderness over the bone An active period of variable dura- 
tion IS followed by resolution 

The characteristic radiographic picture shows a navicular smaller 
than its fellow, and of irregular outline The bone is increased in density , 
is flattened from before backwards, and the normal architecture is lost 
The condition is usually regarded as the result of a mild inflamma 
tion Clinically and radiographically in its early stages it is not unlike 
tuberculosis and immediate differentiation may not be possible 

Epiphysitis of the Calcaneum (Se\er) This is a condition met 
with m adolescents, usually boys, between the ages of ten and thirteen, 
affecting the posterior epiphysis of the calcaneum There are pain and 
limping of variable duration associated with difiiculty m putting the 
heel to the ground On radiographic examination, tlie same changes 
described m analogous affections elsewhere are noted The calcaneal 
epiphysis appears narrow and irregular, with great increase in bony 
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nnci its se% enty is out of proportion to the nittire of the ciusal injur} 
it IS aggraN-itcil hy nioxcment nnd is not rehcvetl by immobilization 
Stiffness niul loss of function arc prob-iblj the outcome of paui and 
associated muscle spasm Tlic aasomotor phenomena are of special 
interest the part remains cold, and for long retains a dusk} c}anotie 
tinge and the skin is glossy and the subcutaneous tissues cedematous 
The seliolog} of this aanety of ostcodystroph} does not admit of 



Fio Co Radiographic appearances of post traumatic osteodistrophy 
affecting the bones of the foot a film of a normal foot fright) is for 
comparison The osteoporosis involves the tarsal bones and the 
extremities of the metatarsals the shafts of the metatarsal bones 
are little affected 

ready explanation The decalcification suggests that h}T5er{Emia has 
been prolonged and exaggerated So far as can be deduced the initial 
trauma promotes an abnormal reflex in tlie autonomic innervation of 
the part, wherebj afferent pain bearing impulses are transmitted to 
reflex centres winch, m turn, convey vasomotor and other stimuli, 
resulting in sustained vasodilatation pcriplierall} — possibly the result 
of excessive production of histamine locally Probably a vicious circle 
IS established local h}'penEmia keeps up pain and the pain (reflexl} ) 
maintains hj^icrainua Tlie benefit which ma} follow sympathetic 
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deoerrahon of the part, though Jogicallv- it might be expected to 
exagmate hvperteima, probable owes its effects to the abolition of 
the excitor influences of painfiil stimuli from the injured part 

POST-TRAiyviATIC SPOSIiYLtnS (K2iamen,YememI) 

This affection was menhoned by Vemeuil m 1892 and described in 
more detail by Kummell m 1894 It is 
~ a detaj ed sequel to injury of the spme, 
f and it IS diaractenied bv progressire 

decalcification of a smgle s'erlebial 
bod\, with consequent collapse of the 
body and the production of a JcNyihosis. 
The condition is almost limited to the 
male sex and it is comicoaest m early 
adult life, though not unlmowD either 
in childhood or m middle age 

The initial injury is a forcible 
flemon of the spme, such as mav cause 
compression of the Tertebral bodies 
It usually arises from the impact 
of heavy weights upon the bent 
shoulders, as in pit accidents, the 
force bemg tmnsnuUed through the 
concavity of the spina] cohunn and 
exercising its compressive effect upon 
the lower thoracic or upper lumbar 
vertebras. In other cases the injurj 
results from falls liom a height, the 
force being then transmitted upwards 
from the feet or buttocks and eier 
vising the same effect upon the spine 
The mitial injure is not necessanlj a 
severe one, and the dystrophy hii< been 
known to follow such trivial accidents 
©I the fan ^matjar vertebra) us anse from jumpmg from a slowlj 
with cplbpse of the moving vehicle 

spiae and an angclar krpboaj t — ^ » r 

In this ease t^^evtian>r^ ■“ ca«s at the time of injuiy 
late sequel tn a fall from « there is clear evidence of damage to 
the affected vertebra, a compressvoa 
fracture of mmor degree, and sometimes there is a temporary paraplegia 
or other evidence of cord mvolvement. In others the immediate 
svmptoms are nuJd and transitorv The closest «crutin\ mav fail to 
res eal actual fracture , butsomedegreeofinjurv to Use vertebra must be 
presumed 

Following the injurv there is an mterval of several months or even 
vears during which subjective svmptoms and signs are absent. The 
drstropbi becomes manifest subs^jucntly, and attention is usuallv 
drawn to it bv pain, with weakness of the lower limbs and eventuaUv, 
in some cases, progressive paresis culminating in paraplegia. Fxamins 
tion earned out at Ibis time rcstfls a striking deviation from the 
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normal An angular kj^phosis is usually present, and radiological 
m^ cstigatjon shows that this is the result of collapse of the affected 
^ crtebral body, which is decalcified to an extreme degree 

The fimdamental feature of the disease is a post traumatic decalcifi 
cation, and there is much to suggest that the affection is similar to the 
decalcification which follows injuries to the carpal lunate or other bones 
It has been suggested that the \ertebral djstrophy is the result of a 
trophic disturbance folloiving injury to the nerves of the affected 
rertebra, but it seems more probable that the fundamental factor is 
disturbance of the nutrition of the bone 

POST-TRAUMATIC CARPAL DYSTROPHY 
In 1910, Kienbock described the affection of the carpal lunate bone 
now general)} kno\vn b} his name, a late sequel of mjur} to the bone 
which is characterized by alteration in its structure with irregular 
patch} decaleification and subsequent sclerosis Since tlien similar 
afleetions ha\ e been obser% ed though less commonl} , in the nav icular 
and other bones of tlie carpus and m the metacarpus 

The d} strophy of the lunate bone, being, at least m the great majonty 
of cases, a result of injury, is naturally commoner m males than in 
females, the proportion being about se\en to one For the same reason it 
IS fully Uvice as common in the right as m the left wrist The injury may 
be either a sudden severe blow, such as may be occasioned by a fall on 
the outstretched hand or repeated minor injunes In some cases there 
has been a suspicion that the initial injury amounted to an unrecognised 
fracture or a momentary, spontaneously reduced, dislocation 

The d}stroph} does not immediately succeed the injury, but 
becomes apparent after an interval of seserol weeks or months, during 
which the disabling effects of the injury may ]ia\e subsided The 
d>strophy manifests itself m a recurrence of the disability, with fixation 
of the >VTist, swelling o\ er the dorsal aspect, and pain either on pressure 
or on moTCment From diminution in the size of the lunate bone tins 
metacarpal ma} attain an unduly proximal position in the hand, with 
diminution of prominence of the metacarpal head 

Radiological exammation reaeals a characteristic change m the 
torm and structure of file lunale The'bone is narrowed, and m p'lace 
of the normal uniformit} there is an irregular, patchy increase m the 
densit} of the bone shadow In some cases the denser patches are 
interspersed b} areas of diminished density and ma} simulate fracture 
In addition, osteoarthritic changes may ensue 

The cause of the dystrophy is not yet clearl} established Kienbock 
attributed it to rupture of blood vessels caused by momentar} dis 
location of the bone, but such a gross mjur} can only be responsible m 
a small proportion In some cases it seems rational to presume that 
the d} strophy results from some less obiious interference with the 
vascularit} of the bone 

METATARSAL DYSTROPHIES 
The forefoot has undergone fundamental changes during the e\oIu 
tion of orthograde man from his pnnutire arboreal stock, m order to 
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renin the foot able to taVe the bod> Treight during standing and 
nailing It seems LkeU that an atainstic structural anomalv of the 
forefoot br predisposmg to strain tnav be a factor in the atiologv of a 
number oF diseases chsractmred bv metatarsal pam In a recent paper 
Bruce has put fcnrard evidence fo" indnding such widelv differing 
conditions as metatarsalgia (Morton s Disease) marching foot (Deutsch 
landers Disease) and the Kohler rmberg disease of the metatarsaU in 
this singV group 

The Pnniar> Anomal> In the pronograde foot of apes, adapted 
fo^ prekens’on tl e hallux la thumb-like mlh a short metatarsal bone 
widely abducted in the varus position and vers mobile in relation to 
the other metatarsal bones During evolution towards the human form 
the hallux metatarsal becomes adducted towards the other toes it 
becomes fixed in position and its lenrth approximates more closelv to 
that of the other metatarsals Coiocidentlv it becomes thiclened and 
strengthened and assumes an important part in the formation of the 
longitudinal arch of the foot 

Quite eomroonlv the first metatarsal bone presents a stnictuml 
anomalr which naav be regarded as an atavisin the ber'e is abducted 
to the varus pcsihon is relatively short and possesses an exaggerated 
ciobOitT (metatarsus varus brevis et mobilis) This anomaly tends to 
wealen the longitudinal ardi of the foot The wefikness mav be corn 
pensated bs boni hvpertropbv or br an increase m muscle tone 
(especiallv of the addueto- b^uas mosde which serves to anchor the 
first metatarsal bone to the second, and the lumbncals and mterossei 
which keep the small toes in contact with the ground and so duntntsh 
the load on lie rrctatarsal heads) If howere- these compensatory 
ncchamsms fail as mav occur from strum, overwork illness or mal 
nutrition an increased stram is placed upon the forefoot and one or 
more of the following affections mav devdop kU of them are diarac 
temed bv pain in the hall of the foot swdhng over the dorsum of ll e 
metatarsal region dorsiffexion of the melalarso-phalangeal jouits and 
pain on mirrmg tl e toes 

Metatarsalgia (Morton s Diseo'^e) Two varieties of metatarsal 
pam are included under this term. The cne which is of neuralgic 
charae*er has been attributed vanousK to compreswon of a digital 
nerve between the contiguous heaiL> of the irelatar'a! bones or to 
taiasnatic v>f ^ smaU ndv«s\i\ic«s Yrarsa sometanes found 

m this same situaton He other which is of a constant, aching 
character and situated under the bait of the toes is attributed to a 
strata of the metatarsal arch. 

Marching Foot (Deu^schlanders Disease) This verv disabling 
conation occurs munis a infantry recruits or m hikers and contts on 
after unusuallv strenuous marching It has also occurred m those such 
as nurses whoor occupation ent^ much standing The disease affects 
one of the metatarsal bones ususUs tlie second one and it is charac- 
terized b\ the development of a mass of bone in relation to the middle 
of the metatar^ shaft. In most cases the metatarsal shaft presents a 
fracture at this level Recent rado^taphic investigations indicate that 
the earbest feature is the formation of new bone under the periosteum 
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around the shaft, and that later the sliaft becomes decalcified and even- 
tually undergoes fracture. It is thought that the essential letiological 
factor IS a bending strain imposed upon the delicate metatarsals in 
walking, as a result of strain of the forefoot induced by a metatarsus 
^ arus deformity. 

Kohlcr-Freiberg Disease of the Metatarsal Heads. This alfection, 
i\hich must be distinguished from Koliler’s disease of the tarsal na\i- 
cuhr, IS characterized bj decalcification and collapse of the spongy bone 
immediately subjacent to tlie articular cartilage on. the dorsal aspect 
of the head of one of the metatarsals, generally the second The 
affected bone may form a loose fragment and be set free m the proximal 
toe joint. A hammer-toe deformity is often present, and it has been 
suggested that minor trauma acting along the Imc of the first phalanx 
constitutes an aitiological factor, superimposed upon the strains asso 
ciated with a decompensated metatarsus varus 

Dystrophic (Fatigue) Fracture. Bone changes similar to the above 
ha\e been observed m the long bones, especially in the upper third 
of the tibia and the distal end of the fibula In the tibia the change 
IS marked by a zone of rarefaction in the shaft of the bone some 2 to 
3 inches from the epiphysis, with a ^arlable amount of new bone fomn 
tion at the same Icicl on the outer, less often the inner, aspect of the 
tibia In rare instances, if untreated, it culminates m complete fracture 
The origin of the djstrophy, which has received the title of “ fatigue 
fracture,” is a matter of conjecture It is believed to result from 
prolonged stress at the affected part of the bone. 

RICKETS 

The word “ rickets ” is probably derived from the Old English 
“ wrickken ” (“ to tw ist ”), and it describes well the skeletal deformities 
characteristic of the disease. From the surgeon’s point of view , rickets 
is sometimes regarded as entirely a disease of bones, but actuallj the 
bone lesions form only one aspect of a constitutional disorder that 
affects almost e\ ery s} stem of the body , and the early symptoms are 
more often related to the gastro intestinal tract or tiie general health 
lie ’nones 

Rickets IS now known to be due to deprivation of vitamin D In 
Great Britain formerly it was common among children of the poorer 
classes, whose diet was deficient, and especially m the large toavns 
where the ultra violet rays of sunlight ore filtered off by the smoke pall 
Since about 1917, when cod liver oil and other vitamin rich preparations 
came into general use for infant feeding, the disease m its active form 
has almost disappeared, though “ sub clinical ” types are common 

Rickets begins usually between the ag^ of six months and two years. 
After a variable period, a feiv months or a year or so, the active 
phase may cease, but its effects upon the skeleton remain, either 
as obvious deformities of the extremities, thorax and skull, or as less 
obvious deformities of the pelvis 

In the active phase of the disease the child is aniemic and wasted 
There is a general enlargement of lymph glands and of the spleen, 
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and this, •with much muscular hypotomcit> , causes the diaracteristic 
protuberant “ pot bellj ” Often there ore recurring attacks of bron- 
chitis and of diarrhcea, and there maj be such ner\ ous sj-mptoms as 
tetanj or convulsions 

Changes in the Bones The r&e of ntamin D is to facilitate the 
absorption of fats from the aUmentatj tract and thus to promote 



Fic o'* Active rickets u a 5T)ung ebdd 
Radiograph showing troadening and 
irregularity of the tnetaphyses^ 



Fic SS Rickets alTectmg knee 
region Radiograph showing 
broadening ood irregulanty of 
metaphyseal tegvans and secocid 
ary to wg of femur 


absorption of calcium phosphate ^Mien it is lacking, osteogenesis is 
mipaircd Thus there is a temporary disturbance of the ossifying 
process whereby the bone that is formed durmg the active phase of 
the disease is disposed aery irregularly and is soft, pbable and readily 
deformed The bone formed before the onset of the disease is less 
affected , after the disease has run its course the normal process of 
bone formation is resumed, hut tiiat part of the bone laid doiin 
during the florid stage of the disease for long lemams obvious 

If a longitudinal cut be made at the end of a healthy growing hone 
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the site of growth is represented bj a. thin uhite trans\erse line, 
which marks the orderlj replacement of cartilage by bone In rickets 
the appearance is very diHerent In place of the thin white calcified 
line there is a broad pale yellow area, soft and de\oid of calcium In 
this broad strip the ossifying process is totally disordered, and irregular 
islets of unchanged cartilage alternate with areas of imperfectly formed 
bone In addition, the whole region ot ossification is expanded laterally 
and swollen, and under the stress^ of weight bearing or muscular 
actiN ity the softened bone often becomes bent or cuned Deformities 
are a natural sequel 

At the costochondral junctions there develop raised bead like nodules 



Fia 89 RicVrfty defomuty oC the pelvis The pelvic bones are beaked 
anteriorly, the acetabula are displaced m^ially and the pelvic 
aperture has assumed a trefoil shape The sacrum has rotated under 
body weight and the promontory is projected anteriorly 
{3IuUumoJRogalCtaegt9{Sary<m*ttBi nburgh.) 

which project both superficially under the skm and deeply towards the 
thoracic cavity, the rickety rosary A ** pigeon breast ” deformity 
sometimes results from beading or infraction of the ribs from the 
stresses of respiratory movements, and a horizontal sulcus (Harrison’s 
sulcus) maj appear, from traction on the soft ribs 

The long bones m rickets are often bent, especially m children who 
are not too feeble to crawl or walk In the femur the natural curves are 
exaggerated and the bone is bowed boUi forwards and laterally Yielding 
of the femoral neck under the bodj weight maj lead to a se\ ere degree 
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of co\a \ ara The tibia is often bent both anteriorh and laterilly. and 
a pronounced degree of bow leg may result Occasionallj the reverse 
deformitj , knock knee, occurs, and iarel> one limb is bent inwards, the 
other out The growing ends of the long bones become swollen This 
IS often obv lous at the distal ends of the radius and tibia particularly 
if the child has been allowed to support its weight On these bones 

Tlitpelus, which is subject to so manv stresses from adoption of the 
upright position ma\ be greath deformed if the child is allow ctl to 
stand Two principal types of deformity arc recognized 3Iost often 
there is flattening of the whole pel\ is witli diminution in the conjugate 
diameter rareh the pel\ is assumes a trefoU sliape as m osteomalacia 
Either of these deformities ma\ later be an impediment to parturition 
The sktiU becomes broadened, from the formation of mucli soft 



Fie GO Endocliondnl o«s Rcstioft lo nckets \ isicroscopic section of 
the costochoodnl juadion of a ttcLels- poppy (low power) (a) Prc' 
formed hj-aline cartilage (6) Zone of proliferation of cartilage cells 
(c) Newly fomicd bone trabecuLc The whole region of ossiQcation 
IS enlarged and deformed Tie eartltage cells have proliferated 
irregularly and |»eTSist in islands aroong the bone ttabeml:e Tlie 
trabecube are almost devoid of calnani 

osteoid tissue under the pericranium The forehead is square and broad, 
and large bosses dev elop ov er the frontal and parietal tuberosities The 
veriebral eohmn » allected (hence the name rachilit which is sometimes 
applied to the disease) and from softening of the bones and laxity of 
the soft parts there develops either kj^QSLS qi:> mnte. oCtfUL, scohnsts. 
Lastly , ^nltlion is delay cd, and calcification of the teeth is defcctiv c 
^licroscopic Appearances Rickets affects principally those parts 
of the bones that are actively growing, and the process is therefore 
most obv louv near the ends of long bones , to a less extent it is seen also 
under the periosteum 

The microscopic changes characteristic of the process of endo 
chondral ossification have already been described (ff« p 112 ) 

Tlie process in rickets is very different, for here all is disorder 
The cartilage cells proliferate, sometimes to excess, but mstcad of 
forming straight columns they be in irregular masses, the zone of 
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proMsional cnlcification is no longer a thin well defined vhite line, but 
IS uneven and indistinct , the invading capillaries run m all directions , 
the bone cells proliferate irrcgularlj, and, since no calcium is available, 
onlj imperfcctlv calcified osteoid tissue is produced Large islets of 
hy aljnc cartilage remain altogether unaltered, and may persist m regions 
normallj occupied by fully formed bone 

When the disease has run its course the first evidence of Jiealing is 
the deposition of calcium, first as a thin irregular line of poor density, 
later in greater amount That portion of the bone formed during the 
rickety period remains for a long time unperfectlj calcified Eventually, 
however, it heals, leav mg little abnormality 

Radiographic studies alTord confirmatorj evidence of each phase 
of the disturbance of ossification If there has been no weight bearing 
there is an unusual broad belt of translucent uncalcified osteoid tissue 
between the cpiphj seal plate and thediaphysis The epiphyseal itself is 
blurred and irregular Later, when there has been weight bearing tlie 
soft and redundant bone jicMs to pressure and the epiphyseal line 
becomes ei en more irregular, the end of the bone is broadened, and as 
calcium IS more deficient m the central a\is of the bone a scooped out 
or cup shaped appearance results 

OSTEOMALACIA 

In virtue of its derivation (oottoi', bone , poAaicor, soft), the term 
osteomalacia may be applied correctly to any condition of bone softening, 
but it 18 now by custom limited to one special tj pe of affection This is a 
generalized skeletal disease which almost always affects pregnant or 
parous women, especially women debilitated by inadequate food, 
restricted freedom, frequent pregnancies and prolonged lactation Very 
occasionally men are affected (senile osteoporosis) A similar condition, 
“ hunger osteomalcecia,” was prevalent m the starving population of 
Vienna during 191tH20, especially in middle aged subjects of both sexes 
The disease is characterized by extreme decalcification of the bones, 
with consequent deformities from curvature or fracture It usually com 
mences during pregnam^ and undergoes remission at the termination 
of lactation, but the progress is greatly hastened by succeeding preg 
nancies and a fatal outcome js rarely delayed more than a few years 
The cause of osteomalacia is not j et definitely determined and indeed 
it seems likely that there is no one cause, but a number of contributory 
factors In the later months of pregnancy a large amount of calcium 
IS required for fcetal ossification , dunng lactation a large amount is 
lost in the milk, and when for any reason mtake of calcium is 
inadequate the deficit is made good at the expense of tlie skeleton 

Thus the underlying causative factor in osteomalacia appears to 
be a deficient intake of calcium This may result either from a faulty 
dietary or, more often, from impaired absorption m the intestinal 
tract, as in ideopatluc stcatorrlioea There is evidence that m many 
cases impaired absorption results from a lack of vitamin D and 
osteomalacia is thus comparable to rickets 

Osteomalacia m gross form is rare m Great Britain and America, 
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tat ,t ts tat tacontaot .n ptrU or France Austrn md Italv nnd 
d IS endemic otcr n.de areas ot Northern Chma and Northern India 
The reasons [or Hus distribution ore not far to seek In the north of 
China the diet is often deficient m calcium and m Mtamms, and the 
^escTiU of the and the practice of foot bmdmg combine to keep 

the women indoors In India the observation of strict purdah entaik 
close confinement, and the nsk of cholera prevents the f^use of fresh 
vegetables and fruits Both 
m China and in India 
prolonged lactation is cus 
tomarv, and this results in 
great depletion of the calcium 
reserves 

Appearance of the Bones 
The tones are decalcified to 
an extreme degree, and as a 
result the} are soft, pliable, 
and readilj cut vnth a knife 
In some cases they may be 
f bent or twisted with ease 

\ On section it is seen that the 

\ tone IS extremely porous 

The tiabccul* are eroded, 
and sometimes little osseous 
tissue remains except m the 
cortex. The marrow and all 
the interstices of the bone 
are filled with eonnectise 
tissue of great vascularitj 
Microscopic examination 
confirms the changes just 
desenbed The enlarged 
lacunae of the bone contain 
numerous large blood vessels 
with joung fibrous tKsue 
and the bone trabeculai are 
narrowetl or almost obhler 
ated A striking feature is 
the great paucity of calcium 
The outer zones of the 
trabecube are composed of 
of tissue complctel} lacking wi calcium, and such calcium as 
most ~n«n‘nited in small deposits at the centre of the trabeculx 
under the Skeletal defornuties constitute the most obvious 
The m*i r»rt5 of the skeleton participate, but 

el ondral os*'” ''”1 evident m the parts of the bones exposed to 
Tlie nroo muscular action (so-called Looser s zones) 

The cartibce'^ espcciallj affected The acctabula are forced 

fonning slraic/ femoral heads, and the pubic bones 

‘ antenorl} , the sscrum » rotated under the body weight 



Fic 61 0<>tNm.ilaci3 The peUu is 

BTcatl' defoTnwd and there is a blaleial 
cova mn deformitv The nbs aod 

t the sternum are distorted 

L lUiUfvn p/Bojral Cc^ tiSwymi ffZJ •SvrjL) 
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and its promontory is projected forwards, and thus the upper pelvic 
aperture assumes a trefoil shape {see Fig 61) 

The bones of the lower extremity are usually deformed by weight 
bearing The femur 
and tibia may become — — 

bowed with an antero 
lateral convexity and ^ 

coxa \ ara develops ^ \ 

The Tibs are bent { ^ \ 

medially in their mid ^ f 

portions, and the ver 1 * / 

tcbriB may soften and t ] y' 

collapse A « i\\^ 

Death may be due /) \ ‘K^ 

to mtercurrent pneu j < , 

monia, or to eomphea I ’t ^ 

tions during parturi 'A. ^ ? I’.j 

tion, the result of the | i 11 

pelvic deformity t \ f f f 
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OSTEITIS FIBROSA ^ " \ 

(Fibrous TlfT'*;; , i‘i 

Osteodystrophy) ^ X ^ < 

Osteitis fibrosa may ^ ^ i\ 

occur as a generalized y * ^ ^ 

disease affecting the f y f 

whole or the greater . f-it ) 4^''^ 
part of the skeleton, or \ A ^ t^\ 

as a localized affection ^ ''' 

of a single bone Itmay y\V'^ *‘5 
affect either sex, but is J f 

twice as common in 
women as in men The 3 

generalized disease ^ \ \\\ 

arises usually in early \\ 

adult life, it runs a 
progressive course and 
it usually terminates 

fatally withm a few x 

years of the onset The fibrosa of the femur The bone {s 

localized disease, on the extensively replaced by vascular connective tissue 
other hand, usually contains two cysts A patJiolog ca] fracture 

j^i has united In faulty position and the softened bone 

commences m adole has become greatly deformed 

SCenCe, and progresses (itwcxHe/^oyal CoIfcjeo/Sufjeaino/^ii nbuT^h ) 

slowly, and in some 

cases it may become stationary In their pathological features 
moreover, tlie two types differ somewluit, and they will therefore be 
described separately The generalized type is the less common, but 
owing to the extensiveness of its manifestations and the more frequent 
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opportumties for post morton investigation it lias been studied mucJi 
more mmutel\ than the localized tvpe 

Generalized 0:»tettis Fibrosa 

This uncommon disease was first adequatelv described bj \ 
HecUingliauacn in 1S91 It is characterized b\ wide-spread skeletal 
changes with decalcification and fibrosis of the bones and often bN 
tl c formation of cvsls and tumours In the majontv of cases Use 
disease results from hvpcrsecretion of the paratlivToid glands, usuall) 
du<- to a tumour 

(l> The Skeletal Changes The outstanding pathological change 
ID the bones is decalcificatioo, and it mas proceed to extreme 
degrees The cancellous bone is pnncipalli affected, but the cortex 
also shares m the process 

\s a consequence of the decalcifieation the bones are greatlj 
softened and thev are ven liable to curvatures or fractures Sometimes 
they arc so soft as to be cut readilv with a knife The stresses caused 
b\ grarib. and muscular action lead to gross deformities The 
femora arc bowed antero latenUv coxa vara de% elops the tibia 

becomes conrex 
anlenorh , the vertebral 
column becomes 
kvpbotic, the ribs bend 
at their angles and 
produce a p geoo breast 
deformitv , and the 
pelns mav assume the 
trefoil shape of 
osteomalacia 

The bones arc 
increased in girth but 
smooth on the surface 
and covered b\ normal 
periosteum Cortex and 
cancellous bone are 
ertremeh spong> and 
their interstices are 
filled With soft vascular 
granulation tissue 
which replaces the 

whole fatty marrow 
Microscopicaili , the 
trabecul® and laraellaj 
are lacking in calcium 
and are greatU reduced in sue The tacunx, whicli are correspondingly 
enlarged are filled bi sascular voung connectne tissue in which are 
numerous multmucleated giant cells of ‘ osteoclast ’ tj^pe In places 
tl ere IS evidence of the formation of new bone, which is almost devoid 
of calcium {osteoid tissue) 

Cists of i-anous size sometimes as brge as a golf ball are usually 



Fir C3. Oiteitu Dbrosa, The bone trabeetd* aie 
reduced in sue and the uitrrrenin^ spaces are 
occupied bv vascular fibroin tissue There are 
namerous giant cells of nsteociast IJT* mainlv 
s tinted in ap-os tion to the bone trabcewbe 

{htianiirj rf Fjyil C<£rmf Pijnein* Ki 
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present, probably ns n result of degenerative changes The) contain 
hromnsh, water) fluid or gelatinous tnatcrin! 11 hen hrge they render 
the bone \cr> liable to fracture 

In many eases multiple tumours ore nlso present m the oflccted 
bones The tumours arc solid or parti) c)stic, and of broumish or 
rceldisli colour, and microscopic examination shons that the) have 
the chamclers of giant cell tumours (*«p 100) The tumours are usually 
of small size, but one or more may enlaige and attain considerable 
dimensions They usuall) pursue n non malignant course, but occasion 
all) the) mi) undergo sarcomatous eliangc The tumours of osteitis 
fibrosa present one of the most interesting problems in the vv hole field of 
oneolog 5 ,for thev haveall thceharacteristiesoftrucncojilasms, vet are 
apparcntl) an end result ofthe excessive output of paratli) roid hormones 

(2) H)'pcrparathyToJdism In Osteitis Fibrosa It is riou recognized 
that in most eases the skeletal changes characteristic of osteitis fibrosa 
occur ns a secomhr) result of ovcrnclnit) of the parath)TOid glands 
Generali) , on adenoma of one of the parath) roid glands is responsible 
Tlie tumour rm\ !« in a nnrmall) plaeotl gland or mav lx? vituntcd 
behind or iii the thyroid gland, 
behind or in front of the asophagiis 
or m the mctliastimmi It is often 
of small si/r, or mav be os large as 
7 cm in the long axis Less often 
there IS no tumour but a djlfuse 
h)T>crplitsia of one or more of the gbnds 

Hyperparathyroidism is believed 
to cause dccalcification of the skeleton 
m virtue of its effect upon the moiganic 
phospliatcs of the blood Its first effect 
IS to cause excretion of phosphates and 
thus to reduce the lomc phosphate 
content of tlie blood For the reasons 
discussed on p 111, this demands n 
corresponding increase m the ionic 
calcium of the blood, which is effected by 
liberation of calcium from the skeleton 

Thus while the bones become 
progressively rarefied, the calcium con 
tent of the blood is increased, from 
the normal figure of 10 mgm per cent 
to 12 mgm per cent , or ev cn to over 
20 mgm per cent As a secondary 
result, calcium ‘'overflows” into the 
urine, and the urinary calcium may 
be increased to eiglit times the 
normal amount Often this leads to the formation of urinary stones 
In a few cases the excess of calcium is deposited in certain tissues, 
notably the kidney and the stomach wall The phosphatase content 
of the blood is raised 

Jt should be mentioned that in a small proportion of cases osteitis 



Fio Gi O'ileilis fibrosa eystico 
The shaft of the femur is 
broadened and dccalcifcd Tie 
cortex IS th n and the dist inction 
between cortex and medulla is 
lost 

(fflf eourttfg 0/ Dr SeoUrari) 
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fibrosa cannot definitclv be attributed to hyperparathyroidjsra and is of 
unknown letiolc^ For this re^on, parathyroidectomy should onJy 
be advised ifthere IS defimte evidence of hvpeiparathyToidism Inmost 
cases mcrease m the calcium content with diminution in the morsanic 
phosphate content of the blood puts the matter bej ond doubt There 
have been, however, a few recorded examples of undoubted parathjToid 
osteitis m which such abnormahties could not be detected, and in which 
an mcrease in the calcium content of the unne was the onlv evident 
biochemical abnormality Eyen this mav be absent in patients with 
anorexia owmg to deficient intake of ntamm D 


Localized Osteitis Fibrosa 


This affection is considerablv more common than the generalized 
disease and it differs grcatlv in its course It arises nsuallv m 
adolescence progresses slowl\ over a period of several v ears and often 
undergoes remission A smgle bone is usuallv affected or rarely two 
or three bones- The upper end of the femnr is the commonest site less 
often the humerus or tibia but no bone is immune The first part of 
the bone to be affected is the metaphvsis and from here the disease 
spreads down the shaft. It rarch mvolves more than half the length 
of the shaft and the epiphysis usoally remams firee Cysts of vanous 
sue are usually present, and 




occasionally almost the whole 
affected area is replaced by a 
single large cyst (one type of 
sunple bone cyst) 

The cysts render the bone 
verv liable to fracture, but m 
spite of the lack of ayaiiable 
calcium the fracture ma> heal 
with firm bonv union, though 
slowly The stimulus of the 
fracture may lead to arrest of 
the disease 



Fis 6a. OUnUi deformans 

onginal ease A man sixtr-eiglit 
years who had sutTmd from paun ui 
the limbs during twenty two vears. 
EvcntnalTy s sarcoma of tb« radnB 
dereJoped- Note tbe cnrraturcs of tbe 
Tcrtet^ toljTTin and tower Im:^ »ivi 
tbelargesueofthebead. fAfler Pagrt.) 


Localized osteitis fibrosa 
differs from the generalized form 
in that it has no evident relation 
to parathyroid disorders or to 
disturbances of calcnun meta 
bo 1 ism. ParathjToid over- 
growths have not been observed, 
the blood calcium is normal and 
there is no disturbance of the 
calcium balance 

OSTEITIS DEFORJIAhS 
(Paget’s Disease) 

In 187fl, Paget described a 
generalized affection of the 
skeleton occurring in middle- 
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ngcd or elderly subjects of citlicr sex and clmrnctcnzcd at first by 
dccalcificalion of the bones With softening and cunaturc, and sub- 



Fio CO OstcUh deformaas Tlie cahariiim from Pnget'a original ease 
Note the great lncttn$e in the thickness and dcasity of tlie bone 
{ \ftcr Paget ) 


sequentlj bj recalcification and liardcning of the bones Etery 
bonds affected to a greater or less degree, but the principal changes 
are generally seen in the bones of the lower 


cxtrcmit), the shuU, spine, and davicles A 
similar disease sometimes occurs which 
intoltcs a single bone or n few related bones, 
the remainder of the skeleton bcingunaffcctod 

The affected bones arc increased m thick* 
ness, and, becoming softened, undergo 
deformation The tibia becomes convex 
anterior!), the femur bows forwonls and 
latcrall) , coxa vara dev clops, and the patient 
becomes broad hipped, bow legged and bent. 

The surface of the bone m its final stage 
IS rough and deeplj furrowed, and extensive!) 
pitted The periosteum docs not appear to 
take part in the disease and is not thickened, 
but It is often firml) adherent to the under* 
1) mg bone 

v51r ibngivViubnn’ sevn.'iuir tMiriwusv^siVi^iig- 
feature IS a loss of tlie norma] distinction 
between compact and cancellous bone At 
first the whole bone is sjiong), and both 
the bone spaces and tlie marrow cavity are 
filled with vascular connective tissue Later, 
as the vascularity subsides the texture 
becomes more solid, and the bone is ** more 



compact looking, and dense like limestone ” Fio 67 Osteitis defor- 
(Paget) Finally, near the surface the bone femur from 

' ^ ' •' 1 1 , 1. 4,u Paget s original case 

ma) assume an ivory like sclerosis, but this Note the coxa vara de 


IS a rare change and is limited to small 
areas Small cysts containing yellow or 
reddish gelatinous material may occur 


formity, and the great 
increase in thickness and 
density of the bone 
(After Paget ) 
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The skull IS alwajs alTected in some degree Tlie disease iiuohes 
the cranium principally , and the bones of the face are but htUc affected 
Tlie base of the skull sometimes participates but maj escape The 
bones of the yault show an increase in thickness, sometimes to as 
much as 2 cm Such enlargement is responsible for one of the first 
si«ms of the disease, a progressive increase in cranial circumference The 
increase m thickness does not cause the cranial casntj to be reduced m 
size but sometimes the frontal air sinuses are cncroaclied upon Tlic 
diploo of the Hat Ixines is narroweil or e\en obliterated The bone is at 
first soft and vascular, and in the macerated specimen the sponginess is 
so great that water poured into the talvana flows readilj to the exterior 
Later the bone becomes dense and hard 

In the vertebral column simitar pathological changes occur, and 
from the generalized softening the whole column becomes shortened and 
bent A regular anterior concavity of the whole spine commonly 
develops The vertebral changes, leather with deformities of the 
femora and tibix bring about progressive diminution iit stature, 
even to the extent of a foot A further result of the vertebral 
changes is a narrowing of the vertebral canal, and in rare coses this 
nxaj lead to compression paraplegia 

In the upper limbs, the clavicle, humerus and ulna are the bones 
most obv lousli affected The clavicle becomes thick, and on exaggera 
tion of Its normal curves leads to undue prominence The humerus 
and ulna may become curved with a posterior convcxitj ^\lth the 
bending of the trunk and loner limbs there is a relative elongation of 
the upper limbs, and the attitude of the patient may finallv bear 
a striking resembbnee to that of an anthropoid ope 

Microscopic Appearances The microscopic appeamnee of osteitis 
deformans v aries at different stages of the disease At an carl> stage 
dccalcification predominates, and the thickness of the larocll'e is 
decreased The Sxine lacunae are enlarged and filled viith vascular 
connective tissue, which often coatains giant cells of “ osteoclast ’ tjpc 
At a later stage new bone formation is seen The new bone is formed 
on an irregular pattern The lamclkc are formetl without regard to 
functional stresses and Ilavcrsnn systems are irregularlj disposed 
Course of the Disease Osteitis deformans is a disease of insidious 
onset and slow progress and often first comes to notice on accoimt of 
curvature or fractureof one of the afTccled bones or of the increase m the 
size ol t’lie head ^cads to its recognition OccasionaTlj the excessive 
sclerosis of small areas of the bones maj culminate in sequestrum forma 
tion, and with the access of mild infectton an ulcer maj result Sarco- 
matous change is not uncommon, and IS said to occur m o% of cases 
Pathogenesis Little definite is known about the muse of osteitis 
deformans It appears certam that the disease is not licreditary, that 
It is not related to sj-phihs or to bacterial infection Tlie gtnernlizcd 
distribution of the pathological eliangcs strongly suggests tliat the 
fundamental factor is disturbance of the endocrine control of bone 
metabolism The cnzjane phosphatase is constantly present in excess, 
but this is not a cliaracteristic feature, for it is present in any form of 
generalized skeletal decalcification 
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Ihe pnlhologicnl processor osUitis deformnns has been compared 
lo that of osteitis fibrosa, nml Jt wiU be noted that there is the 
same sequence of c^ ents, primary snsculirization and dccaltificilion, 
followed later by new formation of bone, but m osteitis deformans 
the ultimate new bone is mucli more abundant and more diffusely 
distributed 


CYSTS IN BONE 

The following \nriclics of evst maj arise m bones (1) solitary or 
simple c}sfs, (2) cjsts m bone tumours, (3)c>sts associated with osteitis 
fibrosa, (t) lijdatid cjsts 

Solitnrj or simple bone cjsls arise most often m childliood or 
adolesecncc Thej arc situated gcncmilj m the humerus, and they 
rarclj affect other bones The cjst usually arises m the region of the 
pro’^imal mctnphjsis of the humerus, but as the bone elongates it 
gradual]} assumes a more distal position and ultimately ma} be situated 
sc^ oral centimetres from the mctnph}sis 

The C}st may ntlain considerable size and the bone at the af/ected 
site ma} l)c reduced to a thm shell It is then \cr} liable to fracture 
In some eases fracture appears to arrest the growth of the c}st and 
ma} allow of repair 

The c}st gcncrall} contains clear water} or slightly bloodstained 
fluid It possesses no lining membrane and the wait is composed of 
fibrous tissue or bone Often the c}$t wall contains inultmuclcatcd 
giant cells of osteoclast type and the microscopic appearance miy 
resemble that of osteitis fibrosa Indeed, it seems probable that the 
two conditions arc closet} allied, and that simple C}st5 arise from a 
>cr} circumscribed area of osteitis fibrosa m whicli degeneration and 
liquefaction predominate 

C}sts in bone tumours arise most often in connexion willi giant cell 
tumours, and often the greater part of the tumour becomes c}stic (e« 
Tig 72) Generali} such cysts contain blood stained fluid or jelly hhe 
material and are smooth walled They possess no distmct lining mem 
brane and the wall is composed of tumour tissue Cysts arise also in 
cftoncfroniaftx, ns a resui't of mocunf rfegiincratron, and c^sts nm} nrrsi; 
from dcgeneratisc changes m a sarcoma, m}xoma and m}eloma 
Multiple c} sts, cspeciall} m the marrow of the metacarpal hones and 
the phalanges, is an occasional feature of sarcoidosis The condition lias 
been 5t}Ied “ osteitis multipleo. c}stica ” 

H}datid c}sts of bones, and cysts associated with osteitis fibrosa 
arc described on pp 51 and 160 respectively 

XANTHOMATOSIS OF BONES (Skeletal Lfpoid Granulomatosis) 
Cases of this remarkable disease were described, under aarious 
titles, by Thomas Smith in 1865, and later by Hand, by Schuller and 
by Cliristian, but its true nature was not understood until 1025 

It IS characterized by the devdopment of multiple tumours in 
certain bones, and in most eases, by exopJitJialnios, diabetes insipidus, 
and inflammation of the mouth and gums Occasionally the disease has 
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been associated snlh dirarfism, jaimdice, and dj'strophs of the adiposo- 
genital type. 

The disease occurs most often m joung children, but vs encountered 
occasionallv m adults. There is no evidence of a racial or familial 
incidence In approrunatelv one third of the cases, the disea^ pro- 
gresses and soon proves fa tal. In the remainder, spontaneous remissions 
occur, and if early treatment is instituted, especiallv b\ adequate 
X rav therapy, the progress may be arrested and complete heabng 
ultimatelv achieved 

The Bone Lesions The most charactcnstic feature of the disease 



Fig C3 \antbomatoeis of booes. Tbe radiogran) ibows tbe clianctmstie 
dcfMls ui Vbc tiooo of ituU. 

IS the development of multiple tumours of xanthomatous tvpe. In the 
great majontj of cases the tumours are limited to bones formed in 
membrane, especially the cranial bones and the mandible Less often the 
scapula and pelvis are involved, rarely the long bones of the extremities 
The tumours are multiple, rounded and well circumscribed In some 
cases they are palpable under the scalp, or they may cause exophthalmos 
or other pressure effects Thej are readily recognizable on X ray 
exanunatioD, which demonstrates large, irregularly rounded defects in 
the bcFnes, not unlike the lesions characteristic of osteitis fibrosa 

The microscopic appearance of the tumours is closely similat to 
that of xanthoma in the skin and subcutaneous tissues Tlie tumours 
are composed mainly of large endothdial cells, with small, dark, rounded 
nuclei and a delicate reticular cytoplasm These “foamy ” cells owe 



DJSfASFS OF JDO^’^S 157 

their nppeamnee to the presence of numerous minute globules of 
cholesterol esters 1} ing withm the cjtoplismic network 

When healing takes place, either b) spontaneous remission or as a 
result of X ra\ thenpj, the hpoid laden cells are replaced fay >oung 
fibrous tissue, and later by new bone, so tJint csentiially it may be 
diffieult on X raj examination to rccogniiewhcrc the tumours had been 
situated 

Other Lesions In a small proportion of eases the bone lesions 
form the only recognizable feature of the disease Store commonly, 
one or more of the folloinng disorders coexist 

Exophthalmos is present in more tluin half the cases It may be an 
carl} feature, and is probably due to fonranl displacement of the 
cy cball b\ a xanthomatous tumour arising in the wall of the orbit 
Diahelts tnstpidux is almost equally common In a few eases it 
appears to be due to pressure by a xanthomatous tumour in the region 
of the sella turcica but more often there is no cviilcnce of tins, and the 
cause and signincnncc of the polyuna remain in doubt 

Gingu'iiif and stoinetdis occur less often, usually in association with 
xanthomatous tumours of the mandible Tlieir clinical importance 
arises from the fact that tenderness along the gums, with loosening of 
the teeth, may afford the earliest c\ idcncc of the disease 

The paihogeneste is not clearly understood In \ lew of the frequent 
association with diabetes insipidus, a primary affection of the hyi>o 
physis or nudbram has been suggested On the other band, the nature 
of the cholesterol laden deposits suggests that a disturbance of the 
lipoid metabolism is at fault The blood cholesterol content in most of 
tlic rccordetl eases howcser, has been within the limits of normal, and 
it must be admitted that at present there is no direct exidence of a 
metabolic disorder, 

PRIMARY TUMOURS IN BONE 
SIMPLE TUMOURS 

Tlie classification of simple tumours arising from tJie skeleton is 
complicated, and many lesions are often designated ns tumours that 
ln\e really no claim to this title Confusion has arisen from the fact 
that such terms as osteoma and chondroma hase in the past been 
applied loosely to any bony or cartilaginous swelling irrespectne of 
its exact mode or site of origin Thus “ osteoma ” is often used 
synonymously witii “ exostosis ” for any bony mass projecting from the 
skeleton, and it has c^cn been applied to the new bone fonned in 
so called myositis ossificans and xanous other diseases Similarly 
“ chondroma " has been applied to the cartilaginous projections of 
clironic arthritis or of diaphysial adosis Increasing know l^ge of the 
pathological processes of many such lesions has led to their exclusion 
from the category of neoplasms, and others at present retained will no 
doubt follow in the course of tune, so that eventually the group of 
simple bone tumours may slirink still further 
Osteoma 

Compact Osteoma (Wory Exostosis) This rare “tumour” occurs 
most often m relation to the skull bones, especially the frontal or 
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parietal bones It maj project on the outer aspect of the skull whercit 
forms a smooth rounded or conical projection imder the scalp, or it may 
grow mlo the frontal sinus or project from the frontal bone into the 
orbit Rare!} it grons from the inner table of the skull and indents the 
biam and occasionally it lies m relation to the external acoustic meatus 
or inside the maxiliar} air sinus 

The tumour grows ser\ slonly but in the course of man) jcars it 
maj attain large proportions At first it is round or hemispheric'!), 
but, uith increase m size, it becomes irregular andsomenhntlobuhled 
In consistence it is extremely liard throughout and it maj be polished 
like n or) Its principal effects are from pressure upon neighbouring 
structures W hen situated close to the skin it maj lead to ulceration , 
m the orbit, it maj displace and destroy the ej eball and later protrude 



(£1 pQTtmtT^ <t/ eomu c JffJmJM Ok rrrrifjr o/£il niii/jA ) 

on the surface in the acoustic meatus it predisposes to infection and 
may cause deafness It is of interest to note that a large osteomi 
may separate spontaneously, presumably from mlcrfcrcncc uith its 
nutrition DIand Sutton has recorded a case of an orbital osteoma 
yvliich after destrojing the cjcbaU finally shed itself sponlancouslj 

Similar in appearance to an osteoma, but actuallj an example of 
heterotopic ossification is the bulky sjonmetncal intracranial osteo 
phjte affecting the dural aspect of caeli half of the frontal bone It 
occurs most frequentlj m aged debilitated or bedridden subjects and 
IS probablj due to deposition of bone in the fluid filled space resulting 
from recession of the brain and dura imtcr from the frontal bones as a 
result of prolongcil recumbenej The bonj masses produce no patho 
logical effetls 

The puerperal tniracranml osteophytes ( hoar frost osteophyte ’ ) 
which coat the inner table of the skull w ith n y cnccr of new bone arc also 
examples of cctopic bone formation following upon deranged calcium 
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niclnLolism Tlic\ nrc encountered ns n rare complication oC ecHmpsn 
or puerperal sepsis 

Cancellous Osteoma It is doubtful >%I)cthcr this should be regarded 
ns a true neoplasm or ns n mnnifcstntion of some dislurlnncc of bone 
prow til closch nllic<l to dinphjsml nchsis {«« p 129) For this reason 
It IS sometimes knmwi as n btotnphic osteoma It consists of n spur 
of cancellous bone, jirojccting from tlic nciglibourhootl of a metaphjsis 
Tiie most common situation is in the ncighbourliood of the knee, but 
almost anj bone m ij be affected From the time of its appearance m 
adolescence up to the age of tnenlj or t«cnt> five jenrs, the osteoma 
IS capped b\ a lajcr of hjahne cartilage, which is probablj a displaced 
portion of the cpiphj sial cartilage As it grows it becomes pedunculated 
and lies obhqiicl}, directed nnay [tom the neighbouring cpiph}sis In 
some cases the tumour is more sessile, irregular in shape, and with a 
massisc cartilaginous cap Such a tumour is sometimes called an 
ostcooliandrama 

At first the tumour is situated close U> one margin of the cpiph>sial 
cartilage, but as the diaphjsis increases in Icnglli it comes to be nearer 
to the mid point of the sIiafL At about the time when the epiphjscs 
of the parent bone fuse, Uie cartilaginous 
cop of the osteoma becomes ossified and 
the tumour then censes to grow 

A eanccllousostcoma may cause pain 
from pressure on a nen c, but often it is 
sjTnptomless and is recognized onlj on 
chance examination An adventitious 
bursa may form o\ er it and moj become 
inflamed Rarely the osteoma may be 
fractured from minor degrees of violence 

Other bon> swellings, sometimes 
termed osteoma, are described m oilier 
chapters {see “ Traumatic Osteoma," 
p 214) 

Chondroma 



As hns been mcnlloned nbosc. llie , chondromto 

term chondroma is applied loosel> to of the mde-? finger The 

man\ cartilagc-conlaming swellings at proTjmal phahnt is replug 

^ ^ 2^, by a roundwl tumour and the 

tached to the skeleton, regardless of tlicir second pJialanv contains a 

mode of origin It has been applied, smah one of similar appear 
for e^oltnple, to the cartihginoiis mosses i^'„eiS.oo """ 

that occur m dj scliomlroplasio or jn / r 

tickets, and to those arising from the 

sj no\ lal membrane and joint margins m chronic arthritis It is doubt 
ful if such masses associated as tliej are with recognizable d>stroph)cs 
or diseases, should be regarded as true neoplasms 

Chondromala arise usually from tlie metacarpal bones and the 
phalanges of the hands, and arc then usually multiple Often such 
multiple chondromal'i occur in the subjects of diaplijsial aclasis, a 
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remarLable example of tumouis ansing on the basis of a generalized 
growth disturbance X-ess coininonI> a chondroma arises from the 
scapula, ribs, pelvic bones, and long bones of the extremities The 
tumours appear usuallj in childhood or adolescence and tlicj gron 
slowlj o^er a period of jears When general growth of the sheletou 
ends the tumours maj also become station3r\ , 

Chondromata often grow near an epiphjsial cartilage At first the> 
sometimes he in the substance of the bone (enchondroma) and the} 
mav remain there, but as the} increase in size they usuall} project 
under the periosteum (ecchondroma) One or more of the tumours ma} 



Tio 'll Mutupte chort<lron>atA A ttoro a ftomnn aged thirty- 

»e>en jears tbe subject of diaphysial aclasis All the metacariud^ 
and plulanges are affected by chondromata, some situated losicle and 
expanding the bones, others projecting at the surface Three of the 
laiger tumouis had undergone mucoid degeneration 

{DfpartmtfiitfSiPViTr Calorrnii/tfSiuAvtjh) 

attain considerable size and may lead to much dcformil} and dtsabihl} 

The growths are lobulated, smooth on the surface, and coiercd b} 
a la}er of fibrous tissue derived from the periosteum Often a 
thin shell of bone is present, and there ma} be bon} trabcculu 
between the lobules 

The microscopic appearance is like that of normal h} aline carti- 
lage, but the cells are arranged irregularly and var} in size and 
sliape Necrosis or mucoid degeneration often takes place, and leads 
to one form of bone c}-st. Oilcification is common, and sometimes 
ossification occurs Sarcomatous change is rare. 

Ciant-cell Tumour 

(Tumeur & m}tIoplaxc£, osteoclastoma, m}cloid sarcoma, 
m}eloma } 
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Tins js one of the most strjk»n|r of bone tumour?, and its ihnicnl 
nnd pnlholoj'ic'il features are iiiiifonn nnd cliarnetcnstic Unfor 
tunateJ} the tcfnunoIo"s js com 
plicated and miskadiiiff Since 
the tumour docs not lanUmtc 
except to a xerj limited extent, 
and onli gucs rise to mctastascs 
m exceptional eases, it is fitting 
tint the old name inytloid sarcoma 
should he discarded Ihc term 
myeloma should also be nbnndoncd, 
for it IS almost certain that the 
tumour docs not arise from bone 
mnrroNN , nnd morcos cr " mj cioma " 
leads to confusion svith “ multiple 
mjclomata,” on entirely distinct 
form of neoplasm 

The origin of the giant cell 
tumour of hone has been a subject 
of controsersj since the time of 
Ndlaton svho vas the first to 
describe it adequalcl) N^lnton 


I-io “i Cniil fell tumour of bone 
nrhme si the proximal inetst hysis of 
tl e Itumcrus Tl c tumour has 
expanded tl c bone nnd forms nn 
0X01(1 max; [v'lrtlj solid and pxrtly 
c>-stic 

IB/ rturtfty »] Ur J IT S>rvlt/» > 

belies ctl Hint the tumour originated 
m bone marrow and he regarded the 
giftni ewA’j’ as- ?nod.'45tfv!j m^ehplaxes 
or megaloirj ocj tes At the present 
time, lioneser, it is gencnJI^ thought 
that the giant cells are dern cd from 
ostcodasts.thcforeign body giant cells 
normally engaged in bone resorption 
The giant-celf tumour of bone 
occurs in either sex and at any age, 
but generally it is found between 
the ages of fifteen nnd thirty jears 
In tt large proportion of cases the 
tumour arises m a bone of the low er 
extremity Like bone sarcoma it is 
situate most frequently close to the 
knee, especially at the distal end of the femur Any long bone hoxvcver, 
may be affected and giant-ccK tumours Jiaxe been found in the bones 




Fio 73 Radiogram of a giant'Ccll 
tumour at the distal end of the 
radius The tumour is situated 
close to the metnphysis and has 
expanded the bone The lobular 
character is clearly seen 
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of tlie upper limb m tlie scapula and the peinc gmlle It is found 
m such situ-itions as the distal end of tlie radius, tibia or fibula, 
relatively rare sites of sarcoma It is not uncommon in the jaws 

The tumour origmates either m the mctaphjsis or m the cpiphjsis, 
where it forms a locali2ed well demarcated growth, often more or less 
globular in shape It may grow eccentncallj , and reach the surface of 
the bone on one aspect onlj , or it maj enlarge coneentncallj Unlike 
a sarcoma, it is sometimes not restrained bj the cpiphj sial cartilage, 
and maj spread as far as the articular cartilage Penetration of the 
jomt IS exceptional 

The tumour is composed of soft, cellular, \ ery friable and often jcllj - 
like tissue, which is usuallj Aery %ascular, and from haimorrhage 
maj be of a dark reddish purple or maroon colour, and aptlj likened to 
red currant jcllj The tumour is Irasersed bj delicate fibrous or bon\ 




I IG "4 Giant-<^11 ttiniour of bone X 300 Note the pant cell* of 
chan tcnstic appearance and the stroma of smalt spindte ■‘haped cclti 


trabecuhe, nliich m radiograms give a characteristic honejeomb or 
mosaic appearance The central portions frequentlj tmdergo cjstic 
degeneration, and occasionally one la^e cyst replaces the greater part 
or fspn the whole of the hiroour 

The soft tissues are xn%aded only in exceptional cases, and the 
tumour usualh remains surrounded by a thm shell of bone Even 
when a tumour has attained large size there still remains a thin cov eruig 
of new bone bcncatli the periosteum— a complementary process of bone 
resorption and replacement which is loosely termed “ expansion ” 

Although the above description applies to the vast majority of these 
tumours a few examples Iiave been described, pnncipally at the distal 

end of tlie radius, which differ m being relatively avascular so called 

“ white ” giant-ccll tumours 

Microscopieallt/, the tumour consists prmcipally of a spindle cel! 
stroma in which arc scattered giant cells of characteristic appearance. 
Tlic giant cells varv in number in different tumours and in different 
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parts of the same tumour, but their appearance is rcmarkablj uniform, 
and IS identical with that of foreign Iwdv giant cells They contain 
numerous miclcj and an abundant homogeneous c>lop!ism The 
nuclei usually number from 10 to 20, but as many as 100 maj be 
present Thej lie principallj m the central part of the cell, and arc 
sometimes arranged like a rosette Each nucleus is distinct from its 
fcllou^ and of uniform appearance — small, rounded or o\al, and 
mtcnscl) basophilic 

The stroma mnj be fibrous or cellular, the latter being to some extent 
an indication of rapid gronth The cells arc small and principally 
spindle-shaped Mitotic figures are rare Occasionally scattered 
tlirough the stroma arc collections of large clear “ foamy " cells con 
taming an abundance of douhlj rcfractilc hpoid material — a form of 
xanthoma The blood \esscls arc numerous, large and thin walled 
Progress and Effects of Glant*cetl Tumours Giant cell tumours 
usuallj progress slowlj, and fora considerable time maj cause httle 
disabilitj Often the tumour remains unrceogmzetl until a fracture 
occurs a fairlj frequent complication In other eases weakening or 
cacn collapse of an adjacent joint ma> occur from penetration of the 
epiphjsis Rarclj the growth of the tumour appears to be arrested 
spontaneous!) , and sometimes from central liquefaction the whole mass 
becomes conNcrtod into a single large bone c\st, m the fibrous walls 
of which only small traces of the original tumour are still to be found 
Vahgnent change maj occur, though not common!) The frequency 
of this complication is a matter of great practical importance to the 
surgeon, who is faced with the ncccssil) for deciding between amputation 
and local attack upon the tumour There is no doubt that in rare eases 
the tumour is nctiuilly malignant, for a few authentic cases ha\e been 
reported m avhicii pulmonary melastascs de\ eloped and it is equally 
certain that occasionall) the tumour undergoes sarcomatous trans- 
formation after an carl) simple course, and gives rise to round cell or 
spindJe-celJ metastascs In the great majont) of eases howeier, the 
tumour is cssentinll) non malignant, and there is thus ample patho 
logical evidence to ^larrant the conservative measures m vogue at 
^present, e^nccially as m most instances the ‘ tumour cells arc sensitiv e 
to irradiation 

MALIGNANT TUMOURS OF BONE 
Since the da) s when all soft tumours of bone were thought to be 
cancers there have been many changes in their nomenclature and 
classification The first important advance was the segregation of 
secondary tumours and later the recognition of the various types of 
primar) tumours In recent )ears our knowledge of this latter group 
has been greatly increased and clarified by the work of those connected 
With the Registry of Bone Sarcoma in the United States of America 
and for the first time accurate information has become available upon 
man) aspects, clinical and pathological of a large senes of cases 
According to the Registry classification, tlie malignant primary tumours 
of bone may be divided into tlic following principal varieties — 

(1) True bone sarcoma (osteo sarcoma osteogenic sarcoma) 
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including periosteal sarcoma, central sarcoma, sclerosing 
sarcoma and telangiectatic sarcoma 
{2) Tumours of bone marrow — multiple mveloma 
(8) \ tumour of doubtful nature — endothelial sarcoma or Ew mg s 
tumour 

(4) A group of uncommon and uncla«ified tumours 

Bone Sarcoma (Ostco-sarcoma , Osteogenic sarcoma) 

This IS the commonest of the pnmar\ malignant tumours of bone, 
and it IS 'aid to account foc'SO^ of all sarcomata It affects males 
somewhat more often than 
females, and it occurs with 
o^ era helming frequenej m 
the second deende, the period 
of most actne skeletal 
growth- In patients o^cr 
fiflj jears of age it is actj 
uncommon, except as a com 
plication of some distroph\ 
such ns osteitis deformans 
In Its pathological aspects 
the disease is one of great 
complcMt>, but its clinical 
features and end results ore 
onlj too umferm, for, wrtli 
verv fcir exceptions, its 
malignanc} is extreme, and 
c\en after rath radical 
treatment *i fatal issue is not 
long delajed 

Bone sarcoma usuall} 
arises in or near that part 
of the bone in nhich proh 
feratne changes nonnallj 
progress most activch, 
namely, the metapli} SIS Jsot 
infrequently, morcoicr, it 
supervenes upon other bone 
diseases, suclt os osteitis 
fibrosa or osteitis deformans 
(tlic Inst named alone 
accounting for about 5%) 
md It IS significant that all 
these diseases are cluaracter 
ized by profound disturbance 
of the processes of bone 
growth and repair In some 
cases trauma nppenrs to 
determine the onset of the 
tumour 



Sarcoma ol the femur In n joun;; 


Fig -5 _ ^ ^ 

fcrson The tumour appears to han 
on^vnattd Mat the distal tnelaphytns and 
1 ns extended far loth alon^ tl e marrow 
cavit\ and under the prnostrum Note 
that it has not penetrated the epifdixsi^ 
earlilaje nor invoUed the jo nt 

(lV7i«rtP<emi«^5arrr|r ralcmtrr 
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IJone sarcoma is generally regarded ns arising from bonr-iorming 
tells (osteoblasts), but it is not necessarily composed of bone, for bone 
formation is only n potential property of these eells, nndnlicn malignant 
tliey revert more closely tovtnrds the embryonic state and lose tJicir 
bone-forming habit. In some tmnonrs tins reversion is almost complete 
and the cells protliicc only a delicate mesenchymal stroma, and the 


remains soit ami ucsiiy ; or 
less degree and jiroducc mucoid 
matenaJ, cartilage, or bone. 

To emphasize this suptioscil 
origin of the tumour from hone- 
forming cells or their non-bone- 
forming derivatiiea, Ening has 
suggested the title osteogenic 
sarcojna, and this name has 
obtained wide acceptation, |Mirti- 
cularly in America. The term 
is, liowcvcr, unfortunate in this 
sense— that it is often intcrprclctl 
ns “ bone producing," the antithesis 
of its intended meaning. 

Types of Bone Sarcoma. 
CInssi/lcotions of bone sarcoma 
arc clumsy and confused, and 
%cry perplexing to the student. 
Tortunately the general trend at 
present is towards simpUftcation, 
and tliis has been assisted by' the 
Asork of the American Hcgistry. 
The follow ing principal types may 
be recognized : — 

( 1 ) Periosteal Sarcoma. This 
is the commonest type. The 
greater part of the tumour lies 
deep to the periosteum, and 
raises it off the bone cortex, but 
the tumour ajso infiltrates the 
substance of the bone and ma\' 
extend along the medullary cavity. 
In some cases the tumour appears 
to arise from the periosteum ; in 
others it is probably derived from 
the connective tissues continuous 
w ith the periosteum that penetrate 
the bone and line the bone 
spaces. 

(2) Medullary or Central 
Sarcoma {Cndosteal Sarcoma). 
Tumours situated wjtlun the bone, 
and not extending to the surface. 


1 imay uirrcrcntiatc in greater or 



bone formed m the tumour. 
{SlattuniofJloyalCoUefeofSuritoHtofEdinbarih ) 
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figure largelj in older surgical descriptions, but modem experience 
shows that sarcoma of tins class is rare 

(3) Sclerosing or Ossifying Sarcoma This tj-pe is characterized 
by tlie formation of a large amount of new bone m the tumour In some 
cases the tumour is extensively ossified, even to the hardness of 
ivorj The new bone formation is generally looked upon as e\ndence 
of some Lmd of defensive reaction on tlie part of the tissues, but 
there is little proof that a sclerosing sarcon^a is any less malignant 
than other varieties 

(4) Telangiedaiic Sarcoma (Malignant Boric Anetirysm) In some 
bone sarcomata tbe vascularity is so great that the greater part of 
the tumour is occupied bj blood v csscls, which are large and extremely 



I ic T" Bone sarcoma. X A spindle-f*tl satcoroa of the Ul)ia 

l^e tumour is highly cellular It is cwnpoS^it of elongated spuidle 
shaped cells some of wluch have been cut transversely and conse- 
quentl> appear to be rounded 

thin walled Sometimes, indeed, the blood vessels bate no complete 
endothelial lining, but are tneie spaces surruunded by the malignant 
tumour cells Tbe vascularity may be such that the tumour pulsates 
Since tlic tumour cells have ready access to the blood stream tbe risk 
of early metastases is very great, and the outlook is corresponding!} 
grave This t} pe of tumour is especially apt to affect young subjects 
Morbid Anatomy The ends of Ute long bones of the extremities 
are affected with greatest frequency, but such irregular bones as the 
jaws, the scapula and the bones of the pehiC girdle are b} no means 
exempt It is estimated that the bones of the lower limb are mvohed 
m about 70% of cases, the distal end of the femur and the proximal 
end of the tibia being most frequently affcC^^ In the upper limb 
the proximal end of the humerus is the site of election The regions 
of the wrist and ankle joints are very rarely involved (compare giant 
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cell tumour), and sarcom'x of the smaller bones of the hands and feet 
IS exceptional 

In n example of n sarcoma near the end of a long bone the 

growth extends wndclv along the pattis of least resistance, permeating 
the interstices of the bone and eroding its lamclljc It extends along 
the marrow caMtj , permeates the cortex and cnipts on the surface 
The periosteum for n time resists mxaston and becomes rawed from 
the surface of the bone, and deep to it the tumour spreads widely 
so that escntiially jt maj form a fusiform mass cnshenthing the Ixme 
cxtensivcK 

Often the tumour consists of two mam portions, an elongated, ill- 
dcfincil mass permeating the marrow caaitj and an cnshcathing growth 



Fig 7S Hone sarcoma A spmdle^vll sarcoma of the femur Note the 
large blood space on the left It is thin wnlled and m pliccs jt lacks 
even an endothelial lining end is In direct contact with the malignant 
cells 

(DefarlmnJ of SvgfTf Uitir^n/fo/ KJinbvrih) 

under the cle%atcd periosteum, the two portions being separated in 
mucli of their extent by the more resistant cortical bone If with 
further progress the tumour perforates the periosteum, it extends widely 
within the soft tissues, causing great swelling and cedema with dilata 
tion of the superficial > eins Theskin becomes tense and glossj , but for a 
long time it resists actual imasion and ulceration The epiphysis is 
rarely invaded, and smee the periosteum is attached to tiie circum 
ference of the epiphysial cartilage the ]omt is not affected until late 
The appearance of the tumour vanes greatly Vost often it is 
soft, red, fleshj and very vascular, with areas of hasmorrhage and 
necrosis In other cases the appearmce is modified by the presence of 
cartilage or of bone Cartilage renders the tumour more firm, with 
bluish translucent areas (chondrosarcoma, see p 169) Bone of new 
formation is usually present in greater or less amount When new bone 
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predominates the marrow ca\ itj mar be obhtemted and the whole end 
of the diaph%sis be increased in arcumference b\ a fusiform mass of 
bone, which sometimes assumes iron like hardness This is called the 
sclerosing tj-pe 

Jlicrosojpic Appearances The microscopic features of bone 
sarcoma are complex The tumour cells show great dncrsits and the 
picture IS complicated b\ such secondarj processes as bone resorption 
or new bone formation 


The predominating t\’pe of cell is small and spindle-shaped, but 
large, pol\ hedra! and eren round cells ma> occur The cells arc In per* 
chromatic and with frequent mitoses olten of irregular t' pc Giant 
cclb of the * mnhgnant giant-ccU* tv|w are often present Cells of 
this tvpc Iiare a characteristic appearance, verr different from the 
cells of the so-callcd gianl'Cell tumours , thev are irregular in shape and 
size and contain few nuclei which arc o\al or indented joined together, 
and decplj hj'perchromatic 

One of the most conspicuous features is the structure of the blood 
Tcsscls Thc^ are large and thm walled and m dose idation to the 
tumour In places e\en an endothelial lining is lacking and the blood 
flows in large clefts lined by tumour cells , consequcnlK there is agreat 
liabihtj to liberation of malignant emboh 

Ossification in Bone Sarcoma The production of nesv bone is a 
characteristic feature of nearh all cases of bone sarcoma The new 
bone IS laid down prinapallj under the periosteum In some cues there 
are radiating spikes developed like stalagmites perpendicular to the 



surfaceofthebone Suchnen forma 
tions hare a characteristic ' sun 
raj ” appearance in radiograms 
The disposition of the spicules ap- 
pears to depend upon the arrange- 
meat of smaller >essels extending 
pcrpendiculftrlv from the elevated 
periosteum mto the cortex Less 
often the new bone takes the form 
of a small wedge shaped ossification 
which occurs where the periosteum 
is delated bevond the advancing 
edge of the tumour 

Metastases in Bone Sarcoma 
Metastatic deposits are of estremeh 
common occurrence, hcncc the almost 
unifonnh bad prognosis Owing to 
the intimate relationship of the 
vessels to the tumour, blood borne 


Fio "0 Hone sarcortui arising at 
the dntal mrtaphnis of the femur 
Macerated specimen «bic!i shows 
much iKw bone la ) down aa 
»p culfs pcrpemLcuIar to Ihe »ur 
face of the femur 
fifatmtf C'>mICe^,^S*rfm%4c/ 


emboh are common and the lung 
IS the most frequent site of their 
arrest Less commonlj, or m the 
later stages, other tisccri and otJicr 
bones mas be affected It would 
appear that the metastases occur 
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cnrlj, bot nmj gro^\ *ilo\\K Ihcj nrc probnbl) often present at the 
time of ojiontion, but nnlj nflcr n |>er«o<I of niontli-? do tliej l)ccome 
ob\ lous Mu rostopiralK , the metnstases tctul to rcjirodiice the \ aned 
strucltirc of the ongitnl growth, and tlic^ mn\ cont iin fibrous matrix. 



1 10 ^0 Itoac &arconm of telangiectatic xanctv T1 c Iwtie tnbecul'c 
liave undergone resorption, amt the inlcrvening spam arc occupied 
tit titmmr cells Note the large nimber of osteoclast giant cells 
nhich lie in a( position to the bone trabceulx 


and cnrlihgc but it is rcnnrknbk lint nietisl'ises in soft tissues sudt 
as the lungs rarch produce bone 


Cboadrosarcoma 

/Chondn^vin^ sarcoma^ sarcomatous cliondroma,! 

Strictly speaking, tlic term chondrosarcoma should be restricted to 
a simple chondroma which lias undergone malignant cliange, but in 
practice it is understood to include any sarcomatous tumour containing 
cartilage in excess The majority occur in relation to the ends of long 
bones, forming bulky lobuHted masses whicli on naked cy e inspection 
resemble simple chondromata, but microscopically show also sarco 
matous elements in a ary mg proportion This tj'pe of tumour is now 
generally regarded as a bone sarcoma with a predominance of cartilage 
matrix rather than as a specific type 

In tJieir malignancy and course these tumours \aty greatly. Tliey 
are particularly mscnsitnc to irradiation A peculiar feature is a 
tendency to extend along the lumen of blood \ cssels and such a growth 
has been known cxen to reach the heart Multiple secondary growths 
are frequent, but sometimes a sobtary metastasis appears and attains 
considerable size before the disease beromes generalize 




lie 81 Chondroiarconia of th« femur Tbe shaft of Ihe fein r « pe 
meated bj sol d tumour tissue Tl e outer parts of the tumiwr aro 
composed of lobules of jelly I ke rnatenal separated b> fibrous 
trabecula 

(Sr«oiirtr^e/Jir J IT Stnimi 
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Fic 8** Chondrosarcoma undergo ni; muco d change Sfaoy of the cells 
are distended to s gnrt Rngshape by targe globules of mucoid malertal 
and the intercellular substoncels ii^Itratcd by a similar rnatenal 
(PrpaitwuDi afSwrfttff U»i'frrOf cf E4 ntiirfk ) 
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Multiple Myeloma (Plasmacytoma) 

Tins rare tliscnsc is chnrnctcnzcd b> tlic tlc^eIopmcnt of multiple 
tumours in nnnj parts of the skcklon It is a disease of adult lift, 
occurring usuallj between the ages of forty and sixty, and commonly 
m men Any part of the skeleton may be 
m\ oh c<l, but the tumours are usually most 


c\ident 111 tlic sternum, tlic ribs, the 
\crtchri., the skull and the femora 

The tumours arc usually small, but 
occasionally they may grow to the Size 
of ualnuts and a few attain c\cn greater 
dimensions They m\ adc any part of the 
hones, but mainly the marrow ca\ity, and 
fonu rounded or oval well circumscribed 
masses of grey or grey isli red colour and 
of soft consistency Adjacent bone is 
invaded by the tumour and is dccalcificil. 
Without any new bone formation, so that 
when the bone is extensively affected the 
condition may bear a supcrncial rcscin 
blancc to osteitis fibrosa or to metastatic 
caremomatosis Ilic bone may be so 
Uunned that fracture results, and m the 
later stages the tumours invade the sur 
rounding soft parts Ihe growth of a 
tumour in the v crtebral column commonly 
leads to severe pam and eventually may 
cause compression paraplegia In tlic later 
stages of the disease there is a considerable 
degree of aiixmia, doubtless resulting from 
destruction of the red marrow 

A well knowTi feature of the discisc, 
IS the excretion of proteose m the 
urine (Bence Jones) The proteose, which 
msj’ ofrpiasr *w ewvsvnsvyay .iwwjavw* gvveir 
the ordinary reactions for tins class 
of substance, and is recognized by its 
behaviour when heated At a tempera 
ture of about 55* C the urine becomes 
opaque, and a sticky coagulum forms on 
the surface On heating further, to the 
neighbourhood of 85* C it disappears, 
but forms again wlien the urine cools 
Similar proteosuria occurs also though in 
small amount in certain cases of leukaemia. 



in secondary tumours of tlie skeleton, and 
occasionally m nephritis 

The serum globulin is increased from 
the normal of 1 C 2 5% to as xnucli as 7% 
Occasionally, owing to rapid decalcific^tion, 


fio 83 "Multiple myelo 
mats Numerous small 
rounded tumours occupy 
the 1 ead and shaft of the 
1 umerus 

(Dfp<irtment of Palhatopy, Vn oert fu 
‘ 0} Edinburih.) 



Fio. M Plasma crtoma mvdofra). TTie turouvr «wjl»ja* 

nsuiT ftenorvtes, laj-e oval cells of ubitb tljc noricus 1*^ 
eccnitnc aod tw a cause akHbwotfc of ciuomsUa. 
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the scrum cnltuim is rntsc<l Varatlu roid osteitis nnv then I>c suspcctcil 
but cm l>e e\cluclcil b\ the obsenntioii limt, in m\elomatosis the 
phsina phospliorus is not decreased and the phosphatase is normal 

MicroscopicaHj, the growths arc composed of diffusely arranged 
round cells with little or no intercellular substance Usuallj the cells 
arc of the plasma cell tjpc, with dceplj basoplnl cytoplasm and a 
small eccentric nucleus but sometimes cells of l^-mphocjte type, or 
cells resembling the primituc white cells or myclocjtcs, maj pre 
pondcrote In exceptional cases ciylhrohlasts base been described. 
The condition is gcncmllj reganlcd os a disease of the blood forming 
tissues rotlicr than of bone, and the cells arc belies cd to originate 
m the bone marrow Thej can nearly alwass lie dcmonslrntctl bj 
marrow puncture It js tnie that plasma cells do not occur in the 
marrow under normal circtimslances, hut thej arc presumed to lie 
related to the other more denmtcl) hxmatoixuclic cells In this 
connexion it is interesting to note that the spleen is usunllj enlarged, 
as m Icuhnimm and Ijanphadcnomn. and that \isccml mctnstascs occur 
in the In er and the spleen and occasional!} in the 1} mph glands, but 
not m the lungs 

Solitary Plasmacytoma In rare instances, especially in middle ngc, 
a phsmac\toma mn\ lie single and without other bony changes It is 
sometimes the first CMdcncc of n more gcncrahrcd affection of the 
skeleton Tlie tumour frequentlx comes to notice ns a result of a patho 
logical fracture of one of the limb bones, rarely a \ertcbra Tlie tumour 
occurs centrally in any part of the sliaft of the bone which shows 
rarefying osteitis —Hare sites are the nasal smuses and the trachea 
The tumour is amenable to surgical or raihothcrapeulic treatment, 
espccialU the latter 

Endothelial Sarcoma (Ewing’s Tumour) 

Tim tumour has only been recognized as a distinct type in recent 
years, and it seems possible Uiat most bone tumours hitherto 
called small round cell sarcoma belong to this type Since Ewing first 
described it a number of cases ha\c been recorded, chiefly in America, 
and according to the figures of the Itcgislry of Bone Sarcoma it is not 
uncommon , its occurrence is \onousIy estimated at from 7% to 10% 
of all primary malignant tumours of bone It is commonest m young 
persons, particularly between the ages of fix c and fifteen, and it is three 
times commoner in males than m females A history of recent injury is 
often obtained TJie long bones, the tibia, humerus and femur, are those 
most frequently affected, but the tumour may occur in the short bones 
of the extremities, particularly m the calcaneus 

The tumour differs from other vancties of sarcoma m that it arises 
usually from the mid part of the diaphysis of the bone It arises m the 
bone marrow, and spreads in all directions from its point of origin, 
penetrating tlie bony lamella? to reach tlie surface of the bone The 
periosteum at first resists invasion, and layer after layer of new bone is 
formed and subsequently eroded 

The appearance of the tumour is remarkable, for it is soft, grey ish- 
white m colour and somewhat brain like, often with semi liouefied 
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areas of degeneration 
whicli may resemble 
pus. When such 
material is seen lying 
between partly eroded 
bone lamella; the 
appearance suggests 
osteomyelitis, forwlueh 
it is often mistaken. 
The first s}*mptom 
is usually pain, and 
this is often intermit- 
tent, recurring in 
attad^ of increasing 
severity ovcraperiodol 
weeks or months. The 
swelling appears later 
and may sutj' in size, 
retrogression being 
accompanied by tem- 
porary relief of Qinp- 
toms. Pathological 
fracture may occur, 
but js not very com- 
mon. There is often a slight leucocj'tosis and secondary ansmia. The 
1 umour responds well to radiation, and by suitable treatment its growth 
and spread may be controlled for a considerable period. Finally, 
however, metasta^es 
appear in other bones 
and in Ij’inpb glanch 
and Viscera, and the 
disease eventual]} 
proves fatal. 

The microscopic 
appearance is note- 
worth} foritssimplicity 
and uniformity, con- 
trasting greatly uitli 
the pleomorpfiism of 
other sarcomata of 
bone. Tlic tumour is 
composed entirely 
of small rounded 
or polyhedral cells, 
arranged in coherent 
sheets with little or no 
intercellular substance. 

Sometimes the masses 
of cells are embedded 
m a delicate connective 
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Fic. 87. Cwwig’a tUTnemr. Tlie tumour S» composed 
of folybedral cells with tittle intercetluiar oiflteriiU. 
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tissue framework, but often this is locking From clegeneratiou of the 
portions furthest from their source of noimsJimcnt a pen% oscular group 
mg of the sur\i\ing cells often results Mitotic figures ore numerous 

The orioUi of Lwing’s tumour is not clear Most outhontics 
rcganl it ns denied from the pcmascular endothelial cells of the 
marrow Ilccentwork suggests tliat man> supposed cases of kwmg’s 
tumour haic ncluallj been examples of metastatic growths, secondary 
to bronchial carcinoma or to neuroblastoma of the adrenal gland 

Endothelioma of Bone 

Until recent \ears ‘ endothelioma ” was the gra\e>ard of unclassi 
fiable tumours hut since the adoption of stricter histological standards 
for endothelial ccUs these tumours arc now acknowledged to be rare 
Endothcliomata of bone described m recent jenrs ha\e resembled bone 
sarcoma, both in the clinical course and in their pathological asjiects, the 
diagnosis being made onlj b> microscopic sections, in which cells of 
endothelial t\pc are seen apparently arising from the internal coat of 
a esscls and forming ah coli or tubules, which m some cases contain blood 

Parosteal Fibrosarcoma 

This tumour also ap|>cars to be rare, but it is of interest m that it is 
bcheicd to account for a certain proportion of the “cures” of bone 
sarcoma, the malignancy being rclaliicly low and the prognosis corre 
spondingly good Strictly, it is not a bone tumour, but arises on the 
outer aspect of the periosteum, and forms a fairly well encapsuled moss 
m the soft tissues, and leads to little or no erosion of the bone Micro 
scopically, it resembles a cellular fibroma, and is composed of elongated 
cells embedded in a scanty fibrous stroma Since tlie tumour adheres to 
the periosteum it appears on clinical examination to be fixed to Uic bone, 
onditmai sprcadtosoniccxtcntnroundtlicboncasasheath Iniasion 
of the surrounding parts is a late occurrence, ns arc mctnstascs, and the 
outcome of radical excision is ihcrcfore promising 

SECONDARV TUMOURS IN BOVE 

Bone IS a common site for secondary tumours dcni ctl from i arious 
types of primary growths Such secondary tumours may arise (1) by 
local extension of the primary growth, or (2) by dissciiuii'ition of cells 
along the lymph or blood vessels 

(1) InioUcment of a bone by the direct extension of a malignant 
tumour is a familiar ocouircnce It is obscr\cd when a carcinoma of 
the tongue or the floor of the mouth imadcs the mandib'c, when a 
rodent ulcer or lupus carcinoma of the face destroys the bones of the 
skull (Fig 88} , or when a carcinoma that lias arisen in a chronic leg 
ulcer iniades the tibn 

In bones thus involved decalcification and destruction are the most 
outstanding changes and are aggravated bv superimposed infection 
As in other conditions in wlucli hypettcmia affects bone, a gradual 
process of decalcification occurs and the bone becomes softened and 
replaced by the extending tumour, so that in a macerated specimen 
it has a worm eaten or sandpapered appearance Usually no new 
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bone xs formed at the extending margin of the tumour or ■within the 
tumour Itself, unless the mrading tunuiur is one of great ^ascuIa^l\, 
when bone resorption and newbone formation ma\ occur simultaneous!} . 
In such instances the new bone is represented b\ light spicules of 
featherr appearance that project into the tumour from the surface of 
the bone on which it impinges 

(2) InTolrcment of bone b\ malignant cells dissemmated from a 
distant growth occurs most eommonlv m cancer of the breast, prostate 
and bronchus, less often in cancer of the kidncs , and m the late stages 



rto. SS DestructMo of th« beta] booca lu a result of uis-asion by 
lu pus-camwnna. 

(J/um t/earUCcCffrtfSmfrf^f/£<tu>ivtL) 

of mans other t>"pes of cancer Slolignant tumours of the thsTOid gland 
commonls metastasize to bone, but this groivth is somewhat of a rant} 
Certam bones are espccialls liable to be the scat of metastatic 
growths Tlie ribs, Tcrtcbr®, slcmuro, slcuH, peh ic bones, femur, and 
humerus are commonlj alTecfed, and less often the mandible, scapula 
and clai icle The distal bones of the extremities are rareK in%ohcd 
E\ idence is overwhelming m favour of the vnew that most metastatic 
bone tumours result from blood borne emboU of malignant cells Such 
cells dens cd from an} source other than a pnmarv tumour of the lung 
must be presumed to liave passed through the pulmonarv circulation 
before rcaclitng the s\stemie circulation, and the possibilit} of this 
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occurrence is well recognized The work of Sclmiidt is of great 
injporliincc in showing ]jow malignant ctnlioh nnv bchaic on reaching 
tile lungs, for it has shown that the cancer cells maj grow directly 
from the pulmonary arterioles into the capillarits and %eins without 
in\ading the \esscl walls In this waj inctastnses may be disscmmntctl 
bj thesNstemic circulation yet !ca\e no trace in the lungs 

It has been claimed that in some eases metastatic hone tumours 
result from permeation of the lymph \esscls 1>\ malignant cells but the 
c\idcncc for this %icw is sonieivhat slender, for lymph channels base 
not been demonstrated in the bone marrow, and the lymph \csscls of 
the cortex do not extend hc\ond the endosteum Morcoscr, Ixme 
metnstascs begin ccntralK, mid often at a sery considerable distance 
from the primary growth, and it is rarely possible to demonstrate 



Fig M«tastaUcero^th.imlhel*oncsofthe»VulI Tl»epnnur> tumour 
was a cancer of tiiestomacti ThrmcUistascs has c l«t to dccalciflcatton 
and erosion of the bones No new bone taas been fomict] 

in\ol\cmciit of intcrTncdiate lymph channels (5ee aijo chapter on 
Diseases of the Breast ) 

The principal eaidence in fasour of hmph spread to bone is the 
special liabilits of certain bones to metastatic growths and the compara* 
tivc immunity of other bones , but Pines lias advanced a reasonable 
explanation for this ” selcctivitv,” which accords well with the theory 
of haunatogenous spread He points out that the sites mentioned abov c 
arc preciselv those where red bone marrow persists in adult life, and 
that the sinusoidal character of the circulation in the red marrow, by 
its almost stagnant condition favours the lodgment and proliferation of 
cancerous emboli ^Mien a metastatic growth is found at sites where 
red bone marrow is not present normally, for example, in the shaft of 
the tibia orin the small bones of the hand, it has l>cen suggested that the 
constitutional elfcets of the malignant disease, eg , secondary anaimia, 
hav e been sucli as to stimulate an erythroblastic reaction in the marrow, 
wliicli would afford a favourable site for the growth of cancer cells 
The blood changes are often charactenstie Tliere is usually 
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hN-pochromatic anemia, and the red cells and leucocytes arc of immature 
type There is a Ipw^ platelet count The degree of anicmia docs not 
bear a definite ratio to the extent of the metastasis 

The Changes iP the Bones Tlie effects of metastatic tumours 
upon the bone are characterized principally by decalcification and 
destruction I^TieS smaU, a metastatic tumour appears as an opaque, 
greyish focus m the mterior of the affected bone, and causes no striking 
change in it , hut the Vomoia gnrws the htme hteoTne?! 

encroached upon imd rarefaction occurs for some distance around 
With the exception of metastases from carcinoma of the prostate, 
new bone is formed only m rare instances A localized spherical or 
oi Old expansion of the bone occurs, but tins enlargement is rarelj \ crj 
considerable A thm shell of bone usually circumscribes the tumour 
and the periosteun' remains intact If the affected bone is submitted 
to undue stram, fracture readily occurs In the spinal column se\eri 
rertebrm may collapse, re 
suiting in the development 
ofkjphosis, and/or pressure 
on the cord or on the spinal 
nerves At the site of frac 
ture there may be a con 
siderable attempt at repair 
by new bone formation, 
but firm union is very 
rorely attained 

Other characteristic fca 
turcs of bone metastases 
vary according to the situa 
tion and nature of the pri 
mary growth 

Cancer of tin breaft, from 
its relative frequency, iS 
the most common source 
of the metastases The ver 
tcbriE, ribs, and sternum 
are most often affected, but 
not infrequently deposits 
may be found m the upper 
end of the femur and of 
the humerus In a few 
instances almost all the 
skeleton IS affected, pro 
ducing the condition some' 
times known as “generalized 



r«G 00 Thvroid mclastasis in bone Asecon 
■tury 4,ro»th in Um bumenu from «a adeno* 
carrinoma of tl e Uiyroid Tl e tumour lias 
ilcstro)'^ tl c disttfl bait of tt c bone nnd I u 
rlevatcil the <Vt the emm, U e 

tumour baa underK^ae neerosU 


cancerous ostcomahcia “ 
Frequently osseous mc' 
tastascs appear months or 
many years after removalof 
the diseased breast 


In fOMCCr Of t/it iht}TQid 
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gland the skeleton is one of the commonest sites for metnstnses The> 
ore found most often in the \erlcbrro, skull, nnd sternum, but the> 
mo> occur nlso m the long bones of tlie extremities Tlie primary 
growth winch is not infrequent!} n. malignant adenoma maj be so 
small as to escape detection, and the thjToid gland then appears 
normal on clinical examination Tlie mclnstases are rareh numerous 
nnd maj be single, therefore m some instances their removal maj be 
undertaken with a favourable prospect of cure 



Ttc 91 Sccondarv tumour in booe. 
Vfctostnsis at tl e distal end of ttie femur 
from an adenocarcinoma of the kidney 
The tumour is highlv \'ascul3r nnd as a 
consequence the bone hae undergone 
estensne decalofication 

(Dep’trtmmt of SvrjfTf f* rrmff of 



Fio O' Secondary tumour in lione. 
Kid ogram (I^ra same specimen 
stepicted m Fig 01 ) 


Tlie histological appearance of the secondarj tumours is vet} 
variable The} maj resemble tlie primary thjroid growth, they ma> 
look like normal thyroid tissue, or they maj show anj degree of 
malignancv The secondarj tumour maj protiuce thyroid secretion, 
and its removal lias been known to be followed bj mj'xcedema 

Iltfpemephroma of the ktdney is sometimes associated with secondarj 
growths m bones Usuallj the metastasis is smgle and may not be 
manifest until a considerable time after removal of the renal tumour 
and in a few instances the source of metastasis is onlv rev ealed after 
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tborough examination or at aulopg Fiivotinle sites for metastases arc 
the upper end of the femur, the s*eniiim, and the peine bones New 
bon- formation within, the tumour is often a p’ominent feature. 

Camnama of the prostaU t> otlcn assoa^xttd with sl^eletal metaslases 
It IS important to recogcae that no prostatic cnlargonent maj be 
detected on rectal examination and in a few instances not until the 
prostate been examined histologicaUT can its maUgnant nature 
be established Imidiation by X ta^x or radium of a malignant prostate 
has sometimes appeared to precipitate the appearance of osseous 
metastases The secondarv growths ate generalli disseminated wideh. 



FtC ix \rrtebral metastastsofa |<«|Hn3iy adraocamnemaof Utekidiw 
O^amnar ^tbelu] cells airac^rd u papiUaT^ fonnstioo oic 
tsvadutg the bone 

( «/ CtaCrj* V riffwwM *f ZJttivyiJ} 

but the pelvic bones the spine and the skull are the eommonesl sites 

In manv instances the disseminated cancer cells excite a remarkable 
osteoplastic rcactxm which results in both increase in densits and girth 
of the affected bone The meduUars canal is often obliterated, and a 
severe degree of secondarv anxmia mas result from destruction of the 
bone marrow 

It has been shown that in metastasizing carcinoma of the prostate 
the scruin ‘ acid phosphatase is increased and it lias been suggested 
that its estimation ma> be helpful m diagnosis Elevation to from 
6 to 10 units t> supposed to be sen suggestne The source of the 
increased scrum phospliatasc »* probabb the carcinomatous tissue In 
the normal prostate the ‘ acid * phosphatase is a product of the acmar 
epilhehum a capaati which is apparentb retained when malignant 
change supervenes 

It las been obsened tJat the skeletal mctastascs of carcinoma 
of the prostate ina\ show retrogression or ma\ eicn disappear following 
castration The aduunutration of testrogens has a similar effect m a 
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high projxirtion of cases fttvtl confers considerable relief The obser>ation 
IS of special interest, for it is the onl\ example m \\bich a substance 
guen bj mouth has been ctTectnc in the treatment of malignant disease 


TUBERCULOSIS OF BONES AND JOINTS 

Txibcrculosis of bones and joints occurs nilh greatest frequency m 
childhooil. cspecinllj during the first six jcirs of life, and onU in a 
small proportion docs it I>cgm after the ngc of riftccn Adults arc 
not immune ho\>c\er, and the disease may occur c\cn in old ngc 
In children the pn>coss is often sloiv and tractable but in adults resist 
nnee is often poor, so 
that the progress can 
be checked onlj bv 
radical measures 

Bone tuberculosis 
and joint tuberculosis 
are so often combined 
that it IS appropriate to 
consider them togcUicr, 
aUhough in some situn* 
tions, eg, in the 
scrlcbrc, skull, and 
bones of the bands and 
feet, the disease is con 
fined to bone 

It has ncs-er been 
finally settled wliclher 
tulicrculous orlhritis j 
follows disease of one 
of the bones or arises 
as a direct infection of 



the joint lion mucli 
it matters is seldom 
important Perhops 
most obseners belies e 
that m the majontj 
the bone is affected 


tio 91 Tuberculosis of the femur in a child aged 
two ^rars (a) Tuberculous granulation tissue of 
gelatinous appearance (b) an area of caseation 
(e) the acetabuliim T)<c disease has originated 
at tl e metnphysis and has spread thence into the 
cpiph)-5is and also down the sliaft 


first, the joint later Joint disease spreads more rapidlj and causes more 
ob\ lous effects than the earlier and less conspicuous bone lesion This 
^ lew IS generally accepted for the majority , but it is beyond doubt that 
the disease sometimes ofTects the synovial membrane only 

The infecting organism may be of Jmmnn or bovine type, and the 
relatn c frequency ith which one or the other type is responsible is 
said to s ary in different countries In Scotland, according to Griffith, 
the bovine organism is present in 42 8% of cases, whereas m England 
the corresponding figure is 18% (see p 3G) 

The Sites Affected In long bones the disease usually begins in the 
epiph\sis, rarely m the rnctophysis In the short long bones of the 
band and feet, on account of their arboresemg blood supply , the disease 
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begms m the diaphvsjs Subpenosteal tuberculosis is not infrequent in 
adults, but IS rare in children. 

The relation of the synonal membrane to the articular end of the 
bone IS an important factor in detennimn" spread of the disease Wien 
the capsule extends bej ond the epiph33ial cartilage, as, for example, 
at the hip joint, the metaphvsis conies into direct relationship ^th the 
svDoTiat membrane, and consequently 
the jomt IS infected directh 

The Iiabihti to tuberculosis is not 
shared equalli br all bones and joints 
In chiZdrew, (he vertehrs, hips and 
knee are common sites, in that order of 
frequence In adulls the joints of the 
upper extremity are more liable to 
mfeebon, in the order, shoulder, elbow, 
wnst The knee is al>o a common site 
The special susceptibdits mchiHbood, 
and the preddectioa of the disease for 
certain bones and jomts are attributed 
to such factors as growth aclrnts and 
eiposure to injure Growing bones 
appear to be mere susceptible than the 
mature The frequent insolsement of 
the bones and joints of the lower ex* 
trenutv and of the spine ts attnbuted 
to the strain to which tbe\ are exposed 

Pathology of Bone Tuberculosis 

'tVhen a bone is invaded by tubercle 
bacQli the effects differ m no particular 
frOTi those of tuberculosis elsewhere, 
Ibev are conditioned mereK bv the 
structural charactcnstics of osseous 
tissue. There is the usual evolution of 
Fio Tubroilauj of the tuberculous granulation tissue, so that 
tilAa. ‘The d.$ta! part of the the booe at and around the diseased area 

of*ori,»pocgj-eharaeler cation, hence the “osteoporosis ” which 

(iMuM ccCffi tfstTfiiM fonns so striLing a feature in radiograms 
penosteum is but little affected, 
and there is little or no new bone fonnaboo 

The disease ma\ be “enevsted” or enclosed within a fibrous 
capsule, or it mas infiltrate widels Extensive alropJn of the bone 
15 a common feature, especialls at Uie shoulder {eane$ *tera) 

Patholog) of Joint Tuberculosis 

The relation of jomt tuberculosis to bone tuberculosis has already 
been discussed, and it has been stated that, bj the consensus of opinion, 
the arthnf is is usualh secondary to a tuberculous focus in the adjoining 
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bone. In n proportion of cases, espeemUy in the knee, the joint is 
infected directly by blood-borne organisms. 

TJjc sf/novial membrane is usually tliesitcof the initial infection, ond it 
always sho^\sg^cnto^chan8esthanolhc^pnrtsoftIlC joint. Generally, 
the earliest tubercles appear near the 
line of reflection of the sj’norinl 
membrane to the bone, for this part 
lies in closest relation to the blood 
supply and to the original focus in the 
l)onc. Tubercles de\clop In the con- 
nective tissue of the synovial mem- 
brane, and the usual cellular response 
that characterizes tuberculosis else- 
where is seen. 

The articular rartitage may lie 
iiivoh cd supcrneially hy encroachment 
of a “pannus” of discnsctl synosial 
membrane, and Income dull, pittctl 
and erodr<l j or it may Iw undcrnunwl 
and cast off into the joint ns a result 
of infLClion spreading in thc»uidcrlyiiig 
bone. 

The sojt iiesttfs oround the joint 
undergo degenerative changes that 
togctJjcr give the appearance knosvn 
as "white spelling.” Ligaments and 
tendons become oedematous, stretched 
and lax, and muscles undergo atrophic 
changes. All the tissues arc awollen 
and cedematous and have a pale gclo- 
tinous, glistening appearance. Not 
uncommonly, cold abscesses may track 
through the soft tissues around the 
joint, and ultimately torm sinuses. 

TAe NuAi «• wrewTsevi wi 

amount, usually to n moderate degree, 
rarely to excess. The fluid is usually 
watery and somewhat turhid, or it 
may be purulent. 

Several gross types of joint disease 
are described. The commonest, in 
wliieh the disease is of slow progress, 
and not very virulent, is known as 
chronic tuherculotis arthritis. The ftingating or granulating form is 
rarer, and occurs where the disease is somewhat more severe and rapid. 
The striking feature is great swelling of tlie synovial membrane, which 
protrudes into all parts of the joint os a soft, congested, spongy mass 
like granulation tissue. The fibrous form is a relatively mild, chronic 
type of the disease. Usually the jomt is distended by watery turbid 
fluid, and when this is present in excess the term hydrarthrosis may be 
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destroyed, and tlie exposed bone 
is dccatcined and sponge . Around 
the joint are numerous out- 
growths of new bone, a result of 
the Buperadded infection, 

(l/amm of JloticU CoOtai of Surfioiu of 
Jidinburgh ) 
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applied ^lulliple loose bodies of the “nccgrnm ” fibrinous l\pc, are 
not uncommon Acttle tuberculous synoiitis is a rare form, m -which the 
disease runs a rapid acute course, like tint of acute suppuratn e arthritis, 
for uhich it IS liable to be mistaken 

Tuberculosis of Special Bones and Joints 
Tuberculosis of the Vertebra (Pott’s disease) Tlie spine is the 
commonest site for bone tuberculosis, and one of the most unfarourable, 



Tio 97 Tuberculosa ot the tliomdco-Iumbar spine viith bony union 
In acute angular kypltosis 
<U«Kvma/ Covol CoKcjts/Swjtense/ Ell nftvrgll > 

for tlic spinal column is subject to so many strains in weight bearing 
and IS so deeply placed that the earliest manifestations are obscure, 
complete immobilization is difficult to obtain, and postural deformities 
with secondary complications arc common Spinal disease is commonest 
in children, especially in tliosc under fiae jears, but maj occur at any 
ogc In adults the prognosis is usually grate 

The aertebra: of the lower thoracic and the upper lumbar regions, 
especially tlie last three thoracic and the first and second lumbar, are 
most liable to the disease, though no part is exempt The susceptibility 
IS generally attributed to great range of mobility ns w el| as a considerable 



spiXAL Tusf nccrwsis m 

amount of \\ eight bcnnng m the low cr thoracic niul upper lumhir regions 

As n rule two atljouung \ criebne arc affectcfl occasionally three or 
four Hnrclj there arc two unrchtctl foci at dilTcrcnl lc\ els 

In cliiMrcn the earliest lesion gcncmll} hes m the centre of th** 
Ik)( 1> of the scrlcbra, in adults not infrequently the tuberculous 
process begins under the periosteum on the anterior surf ice Rnrcl> it 
lies m the acrtcbral bcxlj close to the mtcrvcrtcbml fibro cartilage, and 
more nrel^ still m the spme, lammrc or transverse processes It is 
said that the usual localization of the disease to the centre of the 
vertebral bod^ depends upon thcanatoniical distribution of bloodvessels, 
for this part is supplied bj the principal nutrient nrtcrj , a small branch 
of tlie posterior spinal artery, whereas the upper, low and anterior 
surfaces haven different blooil &upp)> In adults a greater portion of the 
blootl reaches the surface of the vertebral body, bj branches from the 
cervical, intercostal, or lumbar arteries 

The progress of the disease maj be greatly modifietl and aggravated 
bj the occurrence of collapse of the bo<lj of the affected vertebra 
Such collapse is on incident of some importance, for it maj lead to 
complicating factors (l) mechamcnl dcforinitj of tlie spinal column, 
(2) dissemination of pus and tuberculous products into neighbouring 
(issues, and (fl) involvement of the spinal cord 

(1) The deformity is usuatl) simple kyphosis but sometimes a 
certain degree of scoliosis is added The extent of tlic deformity v ones 
greatlv in different parts of the column , in the cerv ical spine the roots 
of the transverse processes he almost directly lateral to the vertebral 
bodies, and tend to prevent or minimize deformity, m the lumbar 
region the column is so broad and deep and its ligaments and cartilages 
are so firmly attached, that deformity is rarely more than a diminution 
of the normal lordosis , hut in its thoracic part the column is weak 
and the pedicles of the vertebre he well behind the vertebral bodies, 
and consequently the deformity is often great The deformity may be 
a gradual bend, but often there is on aeute angulation or gibbus 

The effects of the kyphosis may be severe ^^hen the angle is in 
the upper thoracic region the sternum is depressed and the whole 
ihiffsx Sstiensti, vhes Jfl fbe Jowrx iJinrawc regtoa the thorax rs 
pushed forwards and compressed from above down , and in cither case 
there is interference with expansion of the chest and considerable 
displacement of the heart and great vessels 

(2) Dissemination of tuberculous products from the collapsing bone 
leads to the formation of a cold abscess At first the abscess lies closely 
adjoining the diseased bone, limited anteriorly by the prcvertebral 
fascia, and it may spread beyond these confines m various directions 
according to tlie anatomical planes in the affected part In the neck on 
abscess may pass anteriorly into tbe pharynx, or laterally to the skm 
of the posterior triangle, or it may track downwards into the mcdias 
tinum In the thorax an abscess may occupy the mediastinum, or 
point at the surface or pass behind the diaphragm In the lumbar 
region the abscess usually enters the psoas sheath and spreads to the 
iliac fossa, the peh is or the groin 

(3) Inv oh ement of the spinal cord (Pott s paraplegia) occurs m 
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upproxirmtcl} 10% of iubjeels of spinal canes It nn\ Im\e gra^e 
consequences, and is responsible for death in about 30 % of cases 

As the anterior part of the theca and cord are usuali\ implicated 
in the first instance the paralysis is gcnesallj of a dissociated spastic 
tj^ie It maj rccoier qmcklj under appropriate treatment In a 
number of instances paralj sis advances progtessuelj , either gmdualK 
or rapidh during i\ eeks or months until it is almost total or permanent, 
and IS often associated nitli loss of splimctene control and unnaiy 
infection and for contractures and bed sores 

The mechanism underljing the panhsis is not alike m all cases 
In the past onset of paraplegia has been attributed to aenous congestion 
and ccdcma of the meninges and cord and possibl} pacbjaneningilis, 
followed later b\ devitalization of a segment of the cord due to 
endarteritis As the dura mater is \eiy resistant to infection and 
constitutes a aerj cffcctiie hamet to extension of tlie tuberculous 
process it is doubtful if this \ien is nnj longer tenable It is more 
likelj that local pressure efTetts from aanotis causes are responsible 
This belief is supported b\ recent observations made during ilecomprcs 
Sion operations on the spinal canal the\ demonstrate that a varietv 
of mechanical causes mav be responsible for pressure Thej are 
speciallv obvious when paralysis is of rapid onset and progression The 
commonest causes of pressure ate (alone or combined)— a displaced and 
parti} de5tro}ed intervertebral disc, a bonj sequestrum caseous 
collections or an abscess and m some the reconstituted and sclerosed 
bone of the internal gibbus Spectacubr relief ma} follow removal of 

the mechanical pressure 

Tuberculosis of the Allas and Epistropheus This condition presents 
such distinctive features as ment separate consideration Ilere the 
disease affects the articulations between the occipital bone and the 
atlas and between the atlas and epistropheus as well as the bones 
themselves The joint cartilages ore extensively dcstrojed, end parts 
of the bones, e g , the odontoid proces maj undergo sequestration 
There is a special tendency for the atlas to be displaced forwards on the 
epistropheus If this occurs suddeni} death results immediate!} from 
impingement on the cord but if the movement is ver} gr'idual, con 
sidcrable displacement ma} do no harm Canes of the upper cervical 
vertebra. nia> give rise to a clironic form of retrophai^Tigcal abscess 

Tuberculosis of the Hip Joint Like most forms of joint tuber 
ciilosis that at the hip occurs most commonl} in childhood It arises 
most often between the ages of three and six }ears, and is progressively 
less frequent at later ages In adults, tuberculosis of the hip more 
often represents recrudescence of an old standing disease tlivn n fresh 
infection 

The mfection ma} be primarily osseous or s}noMal 

The commonest bone focus is at tlie femoral mctaph}sis near the 
inferior aspect of the neck of the femur (the so called Babcock s 
triangle) At this point the disease is intro articular, and the infee 
tion ma} spread dircctl} from the bone to the synovial membrane, 
or It may perforate the epiphysial eaztiJage, invade the head of the 
femur, and erupt at the articular surface 
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I>ss often the disease starts in the iimonnnatc Ixinc close to the 
tnnihale cartilage 1 rom thence the disease spreads dirtelK into the 
joint m the region of the pad of fat It ma> spread also through the 
pch le bone and lead to abscess fumuition vithin the jkU is 

In some eases there is no iintml Iwiic focus, and the mfixlion is 
pnmarilj sjnosinl lludiologital examination at an carK sla^e shows 
some inercase m densitj of the pen articular soft tissues, hut no other 
nbnormahlj Later, dilTusc dcealcifiention of both the femur and the 
acetabulum is a marhed 
finUirc andthejointout 
Iim becomes indistinct 
or quite unrecogni/jible 
There is htt Je fluid disten- 
sion of the joint, but cold 
abscesses in the pen nrti 
cular soft tissues occur 
in ncarlj 50% of cases 
The articular cnrtil 
ages are crodetl, and the 
adjacent bone ina> be 
infected The upper part 
of the head of the femur 
and the upper posterior 
part of the acetabulum 
undergo greatest destruc- 
tion at this stage, for 
these parts are subject 
to the greatest pressure, 
particularly if, as often 
happens, the joint be 
flexed and adducted 
The head of the femur 



inaj become grcall) 
deformed whilst the 
acetabulum is deepened 
and enlarged upwards 
and backwards the so 
called “wandering 
acetabulum ” 


1 IQ os ‘I\ittcrculosi9 of the 1 1p Joint The 
articular cnrlibgcs lui\c been destroyed and tl e 
bones eroded and tic femur has assumed a 
pronounced a Iduction deformity The presence 
of inucli new bone whidi forms numerous 
marginal osteopliytcs indicates tliat a super 
add^ septic infection liad occurred 

{Afwnun o/nsyal CotUjt t/S^rftont e/Siiniurjh.) 


The process of healing in tuberculosis of tlie hip joint is necessarily 
stow In coses in which the diagnosis has been established beyond 
doubt, complete healing with restitution of full movement is extremely 
rare In the majority of cases, the disease persists in a quiescent state 
during many years, and is liable to recrudescence Movement at the 
joint remains greatly impaired, owing to deformity of the articular 
surfaces and fibrosis of the pen articular soft tissues Ankjlosis when 
it occurs IS always of a fibrous nature, unless there has been superadded 
pyogenic infection 

Tuberculosis of the Sacro-Uxac Joint Sacro-iliac tuberculosis is 
relati\ ely uncommon It differs from other forms of bone and joint 
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tuberculosis in occumng maml> in adults, gcnerallj bclTvcen the ages of 
tweDt\ and thirty ^ea^s It is rare in children It mas be the onlj 
apparent focus of tuberculosis, but more often active disease in the 
lungs coexists, and the health is gravels unpaired, 

Sacro-ihac tuberculosis is almost lovarmbh osseous in ongxn It 
generalls starts m the samim anti spreads thence to the sacro-ihac joint 
and to theihum "Not infrequenlU, the lumbosacral articulation is also 
invoU ed in the extensiv e destruction of bones 

Deselopmcnt of cold abscesses is an important feature of the 
disease and indeed, ma\ pro\ule the fust sign of its presence An 
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libul condilM aod tbe medial femoral roodvlehar^ t«ra eroded and 
destrored. A lar'e panau* of diseased cyooTuI membrane coverr tbe 
medial eondyle of tbe tibo. 

iCyaVjrrfrnf ■/ W S E4ciUt) 

abscess forms usually immcdiateh to one side of the joint posteriorlv , 
less often m the iliac fossa and inguinal or femoral region Tliere mas 
be extension through the gluteal foramina, but extension to the tschio 
rectal fossa is cxceedingU rare 

Tuberculosis of the Knee Joint The Imee is one of the commonest 
sites of tuberculous arthritis It is most often affected m childhood and 
earlj adult life, but the disease is bj no means rare in old age, when it 
maj assume a verj acute form. The infection is blood borne, and in the 
ra3jorit\ of cases arises in a concealed glandular focus, much less often 
from an acti\e pulmonars lesion 

PathoIogicaUi, there arc two fairh distinct Ivpes of arUmtis 
(IJ s\-noMal and (2) ostco-arUintic 
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(1) 1 lal IS commonest HI childhood 1 he sj no\ nl mcmhnuic 

IS thick find gchtinmts nnd coated with opiqiic nodules or tubercles 
Microscopicall\, the lmm(» epithelium is grcatlj thickened nnd tlic 
supporting fibrous tissue is c^cm'itoiis and increased in amount and 
ma> shoir degenemtn e changes and caseation A chnmcteristic feature 
IS hjpertrophs of tlic pcnsjiumal fat cspecinll> around the snjirn- 
patellar pouch nnd the hack, of the joint In manj eases fringes— 
paptllarj or nodular— project from thcsjiKuial fncmhrarie and mas fill 
the entire joint space In almost all instances tlierc is a considerable 
effusion of clear or straw coloured flunh which maj be loculnlcd 

The svnoiial tipc of disease usunllj pursues a acr^ chronic course, 
and, under faaonrablc conditions shows a pronounced tendency to 
resolution, often without more than slight loss of movement of the 
joint In severe cases caseation with cold abscess formation maj occur 

(2) The osieo arthrilie varictj is characterized bj destructive changes 
m the cartilage nnd the subjacent bone In most eases the joint infection 
is sccondarj to cniption of coscating foci in the cpiph>scs Such foci 
are more common in the femora! than libial condjlcs , thej are rare 
m the patella but maj be confmcvl to it Occnsionallj at the lower end 
of the femur the disease IS of a verj massivctjTic involving the chaphjsis 
ns well ns the cpiphjsis The disease maj reach the joint at the rcficctiou 
of the sjnovial membrane or at anj part of the articular surface 
Subchondral infiltration of the bones maj lead to extensive necrosis 
of the cartilage, which maj become loose and detached The sjnovial 
membrane usuallj shares in the disease and maj become extensively 
adherent to the ulcerated carliHgc Subluxation of the joint is a 
common occurrence 

In the ostco arthritic tvpc of tulierculosis the joint mnj bo 
grcatlj disorganized Ilcihng is usuallj verj protnclcd nnd, even 
m favourable coses fibrous or osseous nnkvlosis is the usual result 
It IS m this vanctv, cspectallj m adults that operative measures 
mij be needed to shorten the course of the disease nnd to secure 
ankjlosis 

Tuberculosis of the Ankle Joint Involvement of this joint is 
usuall,v lliejssuJi of disnsa in the talus or of the lower end of the tibia 
or fibula The disease is characlcrizcvl b> thickening of the synovial 
membrane nnd often In the formation of coUl abscesses wlitcli erupts 
behind the lateral malleolus 

Tuberculosis of the Shoulder At the shoulder the disease usually 
begins m the Iicad of the humerus, nnd the disease is commonest m 
adult life, not infrequentlj in association w ith pulmonnrj tuberculosis 
In manj eases the arthritis is of a terj chrome tvpc and associated 
vrith organization and fibrosis of the tuberculous exudate (canes sicea) 
The cartilage of the head of the humerus is usually destrojed, nnd 
the glenoid fossa may be involved in disease or altered in contour by 
pressure 

Tuberculosis of the Wrist At the wrist one of tlic carpal bones 
IS usually affected first, especially the os cnpitatum From Iicre the 
infection travels readily to the synovial membrane nnd to the other 
bones of the wrist In young subjects the disease maj lead to gross 
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dis<rganjzation of the carpas and tmst joint , bat m adults it is often 
more (dirozuc and inay culminate in fibro*osseo\is antvlosis, 

Tubcrailous Dactjlitis (spina ventosa) This condition, noirsdavs 
imcommon occurs mostly m cb3dren before the age of tea \ears 
Either phalanges, inetacarpals or metatarsals are affected and some- 
times the disease is multiple and bilateral In the foo* the first meta 
tarsal is most frequentlv affected The earliest focus lies near the mid 
point of the diaphvsis — a locahialion attributable to the disposition of 
the nutrient arterv, which breaLs up mto fine branches immediateh it 
enters the bone As the tuberculous degeneration progresses the 
penosteum of the diaphi'Sis ts raised and a shell of new bone d“relops 
rts fusifonn outline is determined bv the relaticelr firm attachment of 
the ligaments at the extremitr of the bone When abscess formation 
and superadded infection occur the pathological appearances of the 
bone resemble those of acute or chrome osteomvelitis. Growth in the 
long axis is usuallr interrupted or inhibited and the affected bone 
becomes short and barrel shaped 

Tuheroilosis of the Bones of the Skull and Face The flat bones of 
the skull may be attacked bv tuberculosis in childhood nod m 
adolescence Tiiediseasenowisextremelvrare The temporal and frontal 
bones are those most often mvolred and the parietal and occipital 
bones onlr rarely The disease begins as a localized focus lo the djploc 
IS which it mas spread wideh without much eridence on the exterior 
\t the site of dis^e the bone ts rarefied, until finallj the outer table 
ts perforated and small bght sequestra ma% result On the inner table 
the dura mater is thickened bi protective granulations 

The facial bones are occastonallr affected bv tuberculosis The bone 
attacked most often is the rrgoma in its maxillarv process , the disease 
usuallr temimates m the formation of an abscess which bj rupture 
results in a smus situated near the lower margin of the orbit 

Tuberculosis of the Ribs. The ribs are liable to infection to adults 
more often than in children Disease at this site is common m associa 
tion with other tuberculous lesions The mfection usuallr begins in 
tl e neighbourhood of the costo-chrondral junctions whidi correspond 
to the melaph>*ses in long bones The rib « thickened and an osoid 
elastic swellmg mas develop in the soft tissues Abscesses arising 
from a tuberculous focus mas track for a considerable distance before 
reaching the surface Permanent healing is unlikch unless the under 
Vrmg bone 6 sose is eradicated or as m ebronw: cases sujieradded iii 
fcctwn IS o\ ercome bs remos al of the ramifications of tlie infected smus 
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DISEASES or JOINTS 

HrviTn\ joints j>crf<)rm their function so imohlrusivel) Ihnt their 
m»clianical perfection is often not rcnlizctl \ct upon their smooth 
nclionde|>eiuis the w hole SN stem of locomotion StilTncss orjnin c\en 
in a single joint mnj im{Jctlc the moccniciiU of llic uliolc l)o<U 

From their dchencN of structure and precision of inoscmcnt, and 
from the constant stresses to nhich thc\ arc subject, joints are 
rcadiK disabled A joint ima be incajncitnled bj mnuences which 
affect its interior (inlra articular lesions) or from clmngcs affecting 
the slnictures around it (pen arltciifar lesions) 

Acute diseases of joints arc rare, a fortunate circumstance for their 
effects arc often gn\e, hut chronic diseases are evtrcmel> common 
Indeed, a deforming arthritis is one of the most usual causes of chronic 
disabiliti m adults and joint tuberculosis is frequent in children 

The projKr ^^o^klng of a joint depends upon many factors among 
which are the free and propi rh eo onlin itcd mov ement of its muscles 
the alignment of its bones and the mtcgrita of its ligaments but most of 
nil upon the condition of its bearing surface, the articular cartilage and 
upon its lubrication 

The cartilage, which is of h\almc t>pc is about 3 mm thick It 
IS smooth hanl and highly jiohshcil and provides an ideal bearing 
or gliding surface 

The nutrition of articular cartilage is a problem of some interest, 
for the cartilage itself is cntirclj avascular jet nourishment must 
be essential for its vitalitv Almost a hundred jears ago Tojaibec 
showed that in the bone deep to the cartilage there is a rich plexus 
of blood vessels and it seems hkclj that this forms the chief source 
of nourishment, which no doubt reaches the cartilage bj a process of 
imbibition Since the blood suppJj is most copious near tlie margins of 
the cartilage this part when irritated frequently proliferates, eg, in 
ostco artlmtis , whereas tlie central part of the cartilage is less adequatclj 
nourished and is more liable to degeneration If a small fragment of 
cartilage is set free in a joint it maj live and actuallj grow, and it must 
therefore be assumed that cartilage can absorb nourishment from the 
sjnovial fluid but since m health the sj-no\ial fluid has a verv low 
protein content its mitritiv c v aloe must be small 

Kepair in carldage is a verj slow process for cartilage cells 
have little proliferative power A wound of the cartilage is alwaj's 
repaired bj fibrous tissue and for tins reason damage to the cartilage, 
whether from injiirj or disease niaj lead to serious interference 
With jouit function and often to fibrous ankylosis 

ACOTE PYOGENIC ARTHRITIS 
Infection mav reach a joint either (1) dircetlj from an open wound, 
a compound dislocation a local abscess or osteomjelitis or 
8 riTo. m 
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the blood stream from a distant focus Tlie latter sariets will be 
considered in more detail here 

The organisms responsible for acute arthritis are usuallj strepto 
COCCI, staphvlococci or pneumococci In most cases the arthritis 
occurs "IS a complication of scptic^nua , occasionally the joint lesion 
provides the sole endence that organisms have been circulating 
in the blood stream J«ot mfrequentU infection is derived from the 
throat, or from suppurative processes elsewhere m the bodv, such as a 
whitlow or puerperal endometritis The hip joint is most often affected 
The severitv of the arthritis vanes greatly and is determined by the 
virulence of the organisms Staphs lococci gcnerallv lead to sucli gross 
pathological changes in the jomt as effectivelv prevent functional 
recovery, whereas streptococci may cause either a fulminating or a 
relativ ely mild subacute attack. 

The svnovual membrane becomes greativ swollen and congested and 
from cedema assumes a soft, almost jdly like consistency Comcidentlv 
the jomt becomes distended with fluid at first of watery consistenev 
but containing pus cells and fibnnous flakes, later purulent 

The cartilage loses the glisten of health and bwmes undermined 
so that portions of it may become detached leaving the bone evposed 
and bare The soft parts are inifltrated with mllammatory products 
and become softened and stretched Escape of the purulent effusion 
leads to abscesses, which develop in the soft tissues and burrow m 
various directions The bone abuttmg on the joint may undergo 
absorption and permit sublusatioo or dislocation of the joint 

Acute pyogenic arthritis mav cause much pam and great constitu 
tional reaction In the course of septicwmia or pv Tmia however, joint 
mvoh cment mav be masked by lliegeneralmfectioD , little disorganiza 
tion of the joint mav result 

^Micn the mfection is due to pneumococcal seplicTirua the joint 
affection is usuallv of a nuld and transient character 

Typhoid Arthritis 

A jomt may be affecteil in typhoid fever at any stage of the disease 
Tlie hip IS the joint most often involved and tlie infecting organism 
mav be 2? typhosus alone or mued with i? coh orothers Theartliritis 
mav run a mild or severe course with or without suppuration and 
permanent disability may result 

Scarlet fner, measles and other zvmolic diseases may also be com 
plicated bv arthritis, which is usuallv of mild tjTie and non-suppurative 
In acute rheumatism arthritis is, of course, often one of the most obvious 
features These diseases arc seldom of surgical significance 

Gonococcal Arthnbs 

It IS said that infection of jomts occurs in from 2% to 5% of cases of 
gonorrhoea Men are affected most often but women and even mfants 
are not exempt The primary focus of the disease m the great majonty 
of cases lies m the urethra, prostate or seminal vesicles , but arthritis 
mav occasionally complicate vulvo-vagimlis or gonorrhoeal ophthalmia 
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Iiwohcmcnt of the joints results from infection In gonococci 
borne in the blood stream, but it is rnrclj possible to demonstrate the 
orgninsms in fluid withdraun from the joint, and for diagnosis reliance 
must be placed on such circumslantinl esidcncc ns recognition of the 
primarj focus, demonstration of cliangcs tn the blood bj complement 
fixation tests, and the effect of treatment 

Often onI> one joint, and that commonly the knee, is affected, but 
sometimes there arc socral csj>eeialJj the eJliow, iVTist, ankle, the 
joints of the fingers and the temporo mandibular joint , occasionally 
the joints of tlic sertcbral column arc involved The joint infection 
usuallj appears about three weeks after the onset of the primary 
lesion, but it maj arise nt n much later stage, when there remains only 
a liidden focus in the prostate, and the onlj sign that persists is mereJj 
slight " gleet ” The intcnsilj of the arthritis bears no relation to tlie 
extent and seventy of the original infection, but m general the earlier 
its onset after the urethritis the more intense its effects Apart from 
the arthritis there maj lie other cvkIciicc of infection, eg , tendon 
sheaths bursic and n|>oneuroscs IlareJj endocarditis, pjennsj or 
meningitis occur 

The mtcnsilv of the joint disease vanes gtc itlj . and there may be a 
transient affection that is hanll> recognizable or a severe lesion that 
causes much suffering, and great and permanent deformity There is 
a definite tcndenc) for the arthritis to recur with eiery exacerbation 
or fresh attack of gonorrhcca 

The following principal types ore recognized 

( 1 ) Acute Gonococcal Arthritis In this t>pc the virulence of the 
infection IS great and its effects arc corrcspondmglj severe A large 
joint such as the knee or clboti is commonlj involved The onset of 
the svnovitis is rapid, with pam and constitutional 5>'mptoms The 
joint becomes distended with turbid fluid, and there is considerable 
mHaminator) change m the pcrnrliculnr tissues The disease inaj 
subside after a short acute phase, but often resolution is imperfect and 
the joint movements remain limited bj fibrous periarticular adhesions 

Occasionally the joint fills with pus, there are acute inflammatory 
changes m the synov lal membrane, the cartilages undergo destruction, 
and abscesses may form m the soft tissues This suppurative type is 
generally due to secondary infection with pyogenic organisms 

(2) Chronic Gonococcal Arthnlis. Tins is mueli more common 
than the acute affection It occurs m two forms — the dry form and the 
liy dropic form The dry form of chronic gonococcal arthritis is usually 
polyarticular m distribution The mfcction is of low virulence, and 
the disease is not acute but it is opt to persist for a long time and to 
cause great disability Most often the wrists and the small joints of 
the hands are affected or the disease may attack one or more larger 
joints The onset is insidious, with pam and stiffness of the jomt and 
redness of the skin The synovial membrane and periarticular soft 
tissues are infiltrated with mflamrantory cells and are cedematous, but 
there is little or no increase of fluid in the joint The disease may 
subside completely, but very commonly fibrosis occurs, both in the 
joint and m the soft parts, and as e result stiffness persists or increases 
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Actual flbrous ankj'losis may occur, often with severe contraction 
deformities. This t^^pe of disease bears a close rescmbhincc to the 
polyarticular form of chronic rheumatoid arthritis, for which it may be 
mistaken. 

The hydropic form of chronic gonococcal arthritis may involve one 
or more of the joints, usually large joints, sudi as the knees, which 
gradually become distended with serous or sero-fibrinous fluid. There 
IS little or no inflammatory reaction around the joint and tlierc are no 
constitutional symptoms. Jlovements of the joint are relativ ely painless 
and comparatnely’ unrestricted, except by the mere presence of 
articular effusion. Ustinlly the disturbance subsides but relapses are apt 
to occur. 

SYPHILITIC ARTHRITIS 

Sj’phihb, unlike tuberculosis, rarely' affects joints, and syjiliilitie 
artliTitis is generally regarded as a \ery' uncommon condition. Those 
who habc made a special study' of the disease, howcicr, claim tliat it 
is not really so mfreqtient, and it is possible tliat many cases go 
unrecognized, or simulate rheumatoid arthritis. 

In acquired syphilis the joints may be affected at any' period after 
infection has reached the blood stream. In the seconil.'iry stage the 
lesions arc usually of mild character Transient pains m the joints 
(arthralgia) are not uncommon at the time of the skm rashes, and it is 
possible that tliese mdicate a fleeting affection of the synovial memlirnne. 
Sometimes in the secondary' stage there is a painless distension of the 
joint by clear fluid (syphilitic hydrarthrosis) It is usually transient, 
but may persist for long periods The knee joint is especially liable to 
be affected, often bilaterally 

In the late secondary’ or early tertiary stages a plastic form of 
syphilitic arthritis may occur. Usually it is mon-uticular, and the 
knee, elbow or mid tarsal joint is iniohod. .Sometimes, howeier, it is 
polyarticular, and may’ attack the corpus and the small joints of the 
lingers In its jiathalngical features it sometimes tcscmbles arthritis 
ilefomians, for which it may be mistaken. 

The joint is swollen by cedema of the soft tissues rather than by 
an intra-articular accumulation of fluid. What fluid is present is 
turbid and thick, containing great numbers of ly’mphocy tes, and the 
fluid gives » strongly positive Wassermann reaction. The synovial 
vwrrhyrmt vs giezAVy tb-jAwWied wid wi^iAnAid lyntiAiijcyttrs, and 
the extra articular soft tissues may show a "white swelling" not 
dissimilar to that of tuberculosis The underlying cause of the disease is 
confirmed by’ the prompt response to treatment by’ specific drugs. 

I In tertiary syphilis and m inhented syphilis there may occur a 
immatous arthritis Two forms of tins arc described (iVxhausen), the 

lovial and the osseous forms, according to the primary site of the 
in. In either ease there is great thickening of the synovial membrane 
*vn excess of fluid collects in the joint. The cartilage may be erodcil 
^°"°TCgular, and there may be a gummatous osteitis in the adjacent 

^^^^hented syphilis the same types of joint lesion may occur, and 
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nmy be biliitcral llie> occur most often in tlie knees, niul coinnionlj 
arise nlxxit i)ul>ert\ In ndibtioii, the joints mn> be mNol\«l bj 
spread of the disease from the ncighlKiurmg epipbjses {jee Svphilitic 
Ostcoiliomlntis, p 128) 

ARTHRITIS DEFORJ^IANS 

It seems likolj that tins is n nicdlc> of diseases raUicr than an 
cntilj, and mthulcs all those chronic ofloetjons of joints for which no 
specificcniiscisatpresentknonn Onl> coniparatiscJj rcccnllj hnsethc 
atlicnlnr lesions of rheumatism, gout and gonorrhtra been dilTcrcntiated, 
and probablj m the future furthtr segregation may be possible 

The subject is confused by a baflliiig terminology, the result of 
different \iews in regard to the ictiology Some of the names are 
sanously applied to the whole disease or to any of lU separate parts, 
and none is unuersally acceptable The nomenclature employed fiere 
IS the one at present in most general use , ** arthritis deformans ” is used 
as a generic term only . 

At present the esidence clearly warrants the recognition of two 
principal sub groups, typically quitcdistinct but linked by intermediate 
or " mixed ” forms — 

(1) Rheumatoid arthntis (synovial or proliferative type, chrome 
infective arthritis) 

(2) Osteo-arthnlis (chondro osseous or degenerate c ty pc) 

(3) rntermediatc or mbted forms 

RHEUMATOID ARTHRITIS 

This disease bears no recognizable relationship to rheumatic fever 
or other rheumatic affections and the title “rlieumatoid ” is only 
justified by common usage Rheumatoid arthritis is a polyarticular 
affection, often bilateral and symmetrical, most commonly involving 
the mctacarpo phalangeal and proximal inlcrphalangeal joints of tlie 
hands and the smaller joints generally The wrist, ankle, shoulder and 
the tcinporo mandibular joints are also subject to the disease, though to 
a less extent Tlie disease affects women three or four times more often 
than men It occurs at any age, but usually m adults of less than forty 
years 

The Pathological Process The onset of the disease may be marked 
by an acute or subacute phase, or the progress may be insidious 
throughout The joints become swollen and tender, fixed by muscular 
spasm and painful on the slightest movement, and this state may 
continue for weeks or months Later fibrosis sets in, with restriction 
of the movements and often with much crippling from contractures 

The course of the disease is that of a subacute or chronic iiiflam 
mation, the mam effects of which fall upon the synovial membrane 
and other soft tissues The cartilage and bone arc also affected, but 
usually as a secondary process The synovial membrane is invaded by 
lyanphocy tes and plasma cells, and becomes congested and cederaatous 
It IS greatly swollen, and projects into the joint as red, proliferating, 
spongy masses, which fill up every available space in the recesses of the 
joint and creep as a web or pannus over the surface of the articular 
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cartilage, often eroding it Wien, m the bter stages, the mn-unmatory 
process subsides there is much proliferation of fibrous tissue, which 
fixes bare portions of the bonj surfaces and leads to se\ ere contraction 
deformities 

As in many situations where inflammation has subsided, there is a 
great tendencj to the accumulation of adipose tissue m the synovial 
fringes , such a condition, if extensive, known as hpoma arborescens 
Occasionallj also small islands of cartilage or e\ en of bone ma\ appear 
m the fringes, though this is more characteristic of osteo-artliritis 

The sjTiovial fluid is usually reduced below the normal quantity 
The cartilage becomes atrophied and thin and the joint space narrowed 
The bone becomes rarefirf, partlv on account of the mflammatorj 
process and partly from disuse WTien a severe contraction defomiitj 
exists, part of the bone maj become absorbed, and allow of 
subluxation, Intra articular ligaments suffer when the bone is affected, 
and become eroded and disintegrated The long head of the biceps, for 
instance, as it passes through the shoulder joint may disappear com 
pletel> The articular capsule and extra articular soft tissue are much 
affected being at first swollen and eedematous, and giving the enlarged 
joint a fusiform shape In the later stages fibrosis m these tissues, 
togetlier with similar changes m the joint, leads to the fixation and 
deformitj which form such a disabling feature of the disease The skm 
over the joint becomes thm and bluish white, its surface dr> and shin> 
iEtioIogj ilao} tlieones have been advanced m regard to the 
stiologj of rlieumatoid arthritis and still it remains unsolved, Bncilv, 
the mam groups of theories may be classified as the non infective ond 
the mfectrte In the former group are such factors as congenital 
predisposition and endocrine distml^ces, of which it is impossible to 
sai more than that they remain unproved It has been suggested that 
an important part is plaved bj disorders of metabolism and delas in 
the remosal of ingested glucose from the blood, faulty elimination of 
sulphur, and abnormal phosphorus metabolism lia\e all been suggested. 
This verj multipUcitj, however, precludes com iction 

There can be no doubt that in a large proportion of cases the disease 
IS closelj related to some infectneorloxiccondilion Not infrequcntlj 
there is a historj that the onset of the joint disease has been preceded 
bj an exacerbation of some uifectiic focus in the upjier air passages, m 
♦Aft: -ihAjTDKTr. ftn ■^aen’jftst.amiiiVwtqRinirj rfiVire-junft. 
disease with subsequent improvement is a common result when such 
a focus IS removed 'Moreover, m adults occasionally, and in children 
more often, there arc other signs of chronic infection, such as sallow 
complexion, enlargement of lymph glands, and occasional pyrexia 
In children also the spleen maj be enlargwl {Still s disease) It is 
interesting to note that often there is an absence of hjdrochlonc acid 
from the gastric contents and that the bacterial flora of the stomach 
and upper mtestme is greatly altered and increased It is possible 
that toxic absorption from this source plays some part m the aetiology 
Bacteriological examination of the jomts IS usually negative, a few 
workers hav e claimed to be able to isolate streptococci, diplococci or 
other\organisms with regularity, but confirmation of such findings is 
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hcking More probnbl> the joints arc affected b\ toxms <krived from 
distant septic foci It lias been suggested that the affection is an 
allergic one, and that from repeated exposure to allergic inducncc the 
joints are rendered hjpcrscnsiti\e to small doses of toxin 

OSTEO-ARTHRITIS 

Tins js an age-old aflliclion of mankind Ru/fer has described 
innnj interesting specimens obtained from the tombs of ancient Egypt, 
including examples of spondjhtis and of osteoarthritis of the hip, 
shoulder and other joints Obteo arthritis has c\en been found in 
skeletons COOO jears old Ix>wcr animals are also subject to the 
disease, both m captnit) and m their natural haunts 

In tjpical instances osteo arthritis differs greatly from rheumatoid 
arthritis It affects adults and old people, cspeciall) males , it mainly 
a/fccls one joint at first {though others may be msolved to a less 
degree), and it affects artiailar cartilage and bone pnncipall}, synosjal 
membrane to a less obMous extent This general statement, honever, 
IS subject to qualification, for intermediate forms are common 

Osteo arthritis affects the knee most often, then tlic hip (malum 
coxaj senilis), the metacarpo phalangeal joint of the thumb, and the 
corresponding joint of the great toe In elderly people a mild, thougli 
sometimes disabling, form of osteo arthritis is often seen m the joints of 
the fingers The joints, ligaments and cartilages of the \crtcbral 
column may be affected and conslilule the condition kno«Ti as spondy 
litis deformans which will be described separately (#fc p 297) 

Morbid Anatomy The pathological process affects cartilage and 
bone primarily and principally, the synoaial membrane and other soft 
tissues only at a later stage Cartilage and bone undergo changes w hicli 
are both dcgencratise m nature but also to a great extent prohferatis e 
Tile changes in the joint arc dilTercnt at the centre from those at the 
penphera The central part of the articular cartilage is comparatively 
ill nourished and, moreover, licnrs the brunt of the botly weight or other 
forces, whereas the peripheral portion is adequately nourished and little 
subject to ^pressure Conscguenllv the clianges in the central area are 
principally degeneratu e , those at the periphery chiefly proliferativ e 
The central part of the cartilage is affected first It undergoes 
degenerative changes vdicrcby jt becomes dull and \elvetv and of soft 
consistency Slicroscopically , the earliest change is in the smooth 
hyaline matrix of the cartilage, which becomes fibrilfated and frayed 
The cartilage cells lose their regular arrangement, and they become 
swollen and ev entually disappear Sometimes whilst the greater portion 
of the cartilage is worn away small areas remain unaffected and form 
smooth rounded eminences on the articular surfaces — epi articular 
ecehondroses 

At the periphery of the joint surface the cartilage prohferates and 
forms large irregular masses — pen articular ecehondroses or chon 
drophy tes — irfiich may fringe the entire joint like an extension of its 
articular surface or may Hank it like irregular buttresses or may 
project m polypoid fashion Such outgrowths usually become ossified 
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and maj then be called chomlro osteop!i\tes Sometimes the} form a 
complete collar round the joint and interfere great!} with mo^ ement 
^Mien the cartilage is worn a\ray, the bone at the joint surface 
becomes exposed, and often undergoes a curious change known as 
eburnation, whereby parts of its surface become dense, smooth and 
shm> like porcelain or ivorj. In hinge jomts such as the elbow or 
knee the to and fro glidmg mo\ement may give nse to an alternation 
of cartilage-covered ridges and grooves The bone is decalcified, 
porous and light, and near the joint it is sometunes replaced bj areas 
of fibrous tissue m which small cjsts may develop Softening of the 
bone mas lead to secondary deformities, as at the htp, whore cova 
vara maj occur with shortening and apparent broadening of the neck 
and sometimes extensive 



Fic too Osteo-arfbnlis of the kuee A specimen 
obtained post mortem from an elderljpersonisho 
had not complained of symptoms mferred to the 
jomt. Numerous hbro-fatty vinous masses 
project from the synovial membiane Note 
that the supnpateU^ buisa is rmaSected 
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tesorption of the head 
The synov lal mem 
brone is affected at a 
rclatiielv late stage It 
IS thickened, and from 
Its surface project 
numerous processes, 
which may be fine, 
delicate and filamentous, 
or coarse and pedun- 
culateil (#y«oriaf vtlh) 
These are very liable to 
be nipped between the 
joint surfaces, when tem- 
porat} inerease of fluid 
in the joint results, with 
exacerbation of pain and 
disability Classes of 
cartilage may grow in the 
svnovia] fnnges (synoriaf 
chondromata) from small 
islands of cartilage cells 
normally present They 
mav attain large siie and 
may become calcified or 
even m part ossified In 
other cases masses of fat 
accumulateinlhesynov lal 
fringes and project 
into the joint {lipoma 
arboreseens) 

Loose bodies are of 
V er\ frequent occurrence 
m osteo-arthntis The 


majontv of the loose 
bodies arise from detached synonal fringes, and hence may be com- 
posed entirelv of fibrous tissue or may contain fat or cartilage’ Usuallj 
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jn the hst \nrici) some calcification is present, «n<l often true hone 
Other bodies arise from the clcbichmcnt of portions of periarticular or 
cpiarlicular chondrophylcs (reep 200) 

Ileherdeii's nodes arc smill rounded bony outgrowths which arise 
from the bones of the fingers and project under the skin Thej are 
common in osteoarthritis and arc usuallj multiple and sj*mmctrical 
They he close to one of the mtcrphalnngeal joints, commonlj the 
terminal ones Often the} lead to dc\iation of the terminal part of 
the finger and to flexion or extension deformitj Usuallj thej cause 
little disnbilitj but occasionally they giscrisc to limitation of morement 
Pathogenesis of Osteo-ArthriUs The most notewotthv feature m 
the pathologv of ostco arthritis lies m the 
close association of dcgcneralisc and pro 
hferatue changes — the articular cartilage 
oxer tlie centre of the joint surface is 
softened and worn away, whereas that at 
the periphery is stimulated to ^oxr It 
seems most satisfactory to attribute this 
differential effect to the fact that the central 
part of the cartilage is poorlv nourished and 
morcox cr is subject to the constant pressure 
of the opposed articular surface, whereas the 
peripheral parts of the cartdage arc better 
nourished and arc subject only tomtcrniittcnt 
pressure 

In ft large proportion of cases there is 
exadence that trauma plays an important 
part in the dexclopmcnt of the arthritis 
Thus a mobile medial meniscus or a loose 
body may in the course of time lead to 
arthritis ui other cases there arc occiipn 
tional strains, or stresses from faulty statics, 
as at the knee joint after malunitcd fracture, 
or in knock knee, or at the first joint of the 
great too in flat foot It cannot be accepted, 
how ex er, that trauma alone can cause osteo 
arthritis, it merely determines the mxolxe- 
meiit of certain joints in persons who for 
other reasons are susceptible to tlie disease 
It seems possible that in some cases the 
predisposing factor is a chronic low grade 
tovcmia derix ed from distant septic foci, such as are frequently present 
Others haxc upheld tiic xiew that the general predisposing factor 
IS some derangement of metabohsm or of the internal secretions 
for osteo arthritis commonly occurs at the climacteric and may be 
associated with hypothyroidism or otlicr endocrine affections 

NEUROPATHIC DISEASE OF JOINTS (Charcot's Joints) 

In 1868 Charcot described a peculiar jomt affection that follows 
diseases of the central nervous sy stem In 80% of cases this neuropathic 
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and maj then be called chondro ostet^bjtcs Sometimes tliej form a 
complete collar round the joint and interfere greatly with mo\ ement 
^Yhcn the cartilage is worn away, the bone at the joint surface 
becomes exposed, and often undergoes a curious change known as 
eburnalion whereby parts of its surface become dense, smooth and 
shiny like porcelain or ivorj In hinge joints such as the elbow or 
knee the to and fro gliding moTement may gwe nse to an alternation 
of cartilage-coiered ridges and gtoo\es The bone is decalcified, 
porous and light, and near the joint it is sometimes replaced bj areas 
of fibrous tissue in which small cysts may develop Softening of the 
bone inaj lead to secondary deformities, ns at the hip, where co'ca 
vara maj occur with shortening and apparent broadening of the neck 
and sometimes extensive 
resorption of the head 
The sj’nov lal mem 
branc is affected at a 
relatively late stage It 
IS thickened, and from 
its surface project 
numerous processes, 
which may be fine, 
delicate and filamentous, 
or coarse and pedun 
A culaled {synonal iilU) 

\ These arc very liable to 

I be nipped between the 
joint surfaces, when teni* 
porarj increase of fiuid 
in the joint results, vwlli 
exacerbation of pain and 
disability Masses of 
cartilage may grow m the 
symovial fringes {ayncfiiat 
ehondromata) from small 
islands of cartilage cells 
normally present. They 
maj attain laige size and 
may become calcified or 
even in part ossified In 
other cases masses of fat 
accumulatemthesynov ml 
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Ind not complained of ay-mptoms referred to the 
joint NuHterous htio*tatt> Tdloiu masses 
project from the sj-novial membrane Note 
that the suprapatellar bursa is unaffected 


fringes and project 
into the joint (lipoma 
arborescens) 

Loose bodies are of 
very frequent occurrence 


isiutmm Contjt c/ sarttofu »f a ui osteo artliTitis The 


majority of the loose 
bodies arise from detached synovial fringes, and hence may be com 
posed entirely of fibrous tissue or may contain fat or cartilage Usually 
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in tlic hst \arietj some calcification is present, and often tiue bone 
Other bodies arise from tJic detadimcnt of portions of pernrtieular or 
cpnrticukr cliondrophj tes (see p 200) 

Jlehcrden'i nodes ore smiU rounded bony outgroivttis Avluch arise 
from the bones of the fingers and project under the sh.in The}* ore 
common in osteoarthritis and ore usinllj multiple and svanmctncal 
Thej he close to one of the mtcrplmlnngeal joints, commonly the 
terminal ones Often thej lead to deviation of the terminal part of 
the finger and to flexion or extension deformity. Usually thej cause 
little disahihtj but occasionallj thej gi\crisctohmitationormo\emcnt 
Pathogenesis of Ostco-ArthrlUs. The most noten orlhj feature m 
the pathologj of osteo arthritis lies in the 
close association of degenerative and pro 
hfcntise changes — the articular cartilage 
o\cr tiio centre of the joint surface is 
softened and norn anaj, whereas that at 
the penpherj is stimulated to grow. It 
seems most satisfactory to attnhutc this 
differential effect to the fact that the central 
part of the cartilage is poorfj nourishc<l and 
moreover is subject to the constant pressure 
of the opposed articular surface, whereas the 
pcriphenl parts of the cartilage arc belter 
nourished and are subject onij to intermittent 
pressure 

In a largo proportion of cases there is 
evidence that trauma plav's an important 
part m the development of the arthritis 
Thus a mobile medial meniscus or a loose 
bodj may in the course of time lead to 
arthritis , m other cases llicrc arc occiipa. 
tional strains, or stresses from faultj statics, 
as at the hnee joint after roalunitcvl fracture, 
or in knock knee, or at the first joint of tlic 
gKivi Av Shi 

honever, that trauma alone can cause osteo- 
arthritis, itmerclj determines the involve- 
ment of certain joints in persons who for 
other reasons arc susceptible to the disease 

It seems possible that in some eases the 
predisposing factor is a chronic low grade 
toxaimia deriv cd from distant septic foci, such as are frequently present 
Others have upheld the view that the genera! predisposing factor 
is some derangement of metabolism or of the internal secretions, 
for osteo arthritis commonlj occurs at the climacteric and may be 
associated with hj pothj roidism or otlier endocrine affections 

NEUROPATHIC DISEASE OF JOINTS (Charcot’s Joints) 

In 1868 Charcot described a peculiar joint affection that follows 
diseases of the central nervous system In 80% of cases this neuropathic 
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“ arthritis ” is due to tabes dorsalis , m most of the remainder it i» due 
to svrmgomj elia, but it mas ratels follow cerebral diplegia, m\ elitis, 
and other lesions of the brain cord, and peripheral nerves In tabes, 
since the none lesion affects the lower part of the spmal cord, the 
joints affected ore almost alwa^s those 

4 of the lower eirtremitj ^lost often the 
knee is mvohed, less frequentlj the hip 
or the anUe Occasionally two joints are 
involved, either simultaneously or in sueces 
Sion In svnngom\elia, since the cemcal 
part of the spinal cord is affected, the joints 
of the upper extremits are most liable to 
involvement The arthropathi of sj'nngo- 
mi eiia almost invanabh affects the shoulder 
^ **Cliarcot*s disease” is a term gener 
II alh restricted to the jomt manifestation of 
tabes, but this rhffers from that of synngo- 
myelia in no fundamental feature eveept in 

f , causation ‘‘Charcot’s disease” is a para 

sTphilitic or nieta-s\‘philitic affection, wliicli 
V IS not due to any direct effect upon the 
joint b\ spirochsrtes or their to^ns, but is 
^ secondary to a loss of trophic influence or 
y some other change resulting from the nene 
lesion It has been estimated that “Cliat 
cot’s joints ” occur m about 8% of patients 
T I suffering from tabes The joint lesion may 

arise at any jienod of the disease, even at an 
yj early stage so rendering its recognition 

M diflicult 

Appearance of the Affected Jomt The 
‘•fl pathological changes are remarhable in that 

a T 1 », there is at the same time evtremeh gross 

destruction of bone and articular cartilage, 
btersil cond*7e of the nnd often equalK excessive irregular new 

femoratidtheheadoftfc formation around the joint The whole 

tibia bare been eroded , v.v»,v 

From tl e proTimal end process develojjs witli rapidits and with 
of the tibia a large shelf entire absence of pain. 
fonraS projerts morbid change appears to con* 

(DrfartmniefUrffry Cm rtr/Of sist in dccalciflcation and itsorption of the 
«•/« arbcular ends of the bones, and occasionally 
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this can be recognized m radiograms before there is any visible affection 
of the joint itself As a result of some degeneratii e process the articular 
ends of the bone become soft and friable, and in this stale, favoured bv 
the absence of pain, the bone crumbles as a result of weight bearing 
and fnction The articular end of the bone is rapidly eroded, often 
with the formation of irr^ular grooves and ridges, and eventually 
laige portions of it may disappear Often the joint contains massive 
loose bodies \t the hip, the head and neck of the femur may vanish 
entirely, as though by the action of scone corrosive agent {see Fig 103) 
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At the knee the ends of the tibia or femur may be destroyed, or 
one condyle may disappear while Us fellow remains relatively 
unaffected. 

Coincident with the degenerative changes there is irregular pro- 
duction of cartilage and bone, so that chondrophytes and osteophytes 
appear at the margins of the joints ond in tiie substance of the capsule, 
forming irregular friable masses, whicJi may be detaclied ns loose 
bodies. 

The synovial membrane sbares in the destructive changes and 



Fjo. 103. Tulwtic firthropilliy of llic hip (Charcot's joint). Note the 
gross destruction of bone iind Us extensive regeneration Tlic 
original acetabulum has di$n|>|>earcil completely, and u greatly 
enlarged joint cavity is surrounded by an irregular rim of new bone. 
There are several large masses of loose Iione, winch occupied tlie 
synovial membrane and the pen articul ir tissues. 

(jfiuruin of Royal Cotfrf* «/£iirr«Bn( of 

becomes softened, disorganized, and infiltrated ^\it!l granulation 
tissue- Tlie capsule, intro-aiticular ligaments, and tendons may 
disintegrate and the pen-articular tissues are swollen with cedema far 
beyond the joint, and the overlying skin may be erythematous and 
congested. 

As a result of the bone deformities and of tJie )a\ity of the articular 
capsule the joint often becomes dislocated. The soft parts stretch 
greatly and the joint forms a thick voluminous bag, and may even 
open into burss or the neighbouring jomts. Tims at tlie ankle the joint 
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Tn3% ultimalcl\ include the whole of ihc talus and other tarsal bones 
The interior of the canty is lined b\ a rough granulating membrane 
from which project poljpoitlal chondro-osseous masses Tlie fluid of 
the joint IS nscid, j ellow, or often blood stained 

Tj-pes of the Disease. Three pathological t>-pes ha\ e been described, 
according to tJie relative extent of the destrurtiie and regeneratiie 
changes The commonest form of the disease, seen most often in llie 
knee m tabes, and cliaractenzed b\ much new bone formation, has been 
termed the hypertrophic type The form seen m the shoulder, or less 
oRen m the hip, in which new formation is not evident and destruction 
predommates, has been called atrophic and the rare form in which 
both destruction and new formation occur in but limited degree, nnd 
in which the changes resemble those of arthritis deformans, is known as 
“ osieo-arthniic ” It is evident that these so-c&Ucd “ types ” ate mctclj, 
variations from the average, and the classification has a climcal rather 
than a pathological value It seems probable that the estenl and 
character of the changes depend to some degree upon the amount of 
movement that the joint has been allowed. 

The Cause of the Disease The cause of neuropathic joint disease, 
the rebtionsbip of destructive changes on the one hand and of new 
formation on the other, and the dependence of the whole process ujion 
some perverted nerve mfluence, form a stud> of particular interest 
from the standpoint of the phv siolcgy of bone formation. 

It is abundantlv clear Uut the fundamental process is one of 
degeneration or destruction New bone formntion is a later process, 
and probablv is attributable to the liberation of a ^-ast amount of 
calcium which readUv precipitates in an\ available medium in the 
vicinitv 

It IS not clear how disease of the central ncrv ous s\-stcm produces 
the^ eCects, for removal of trophic influenced alone is insufficient to 
account for them It seems probable Hull the repeated trauma per 
nutted b\ the absence of pain is an important factor, for Eloesser 
shown experimentsll\ that after section of the postmor nerve roots to 
a limb, jomt changes onlv occur if repeated mjurv is inflicted 


LOOSE BODIES IN JOINTS 

Loose bodies in jomts vary greatly in the»r number, nature, and 
mode of origin They mas be solitary or present m Isige numbers, 
cv en up to 100 , thev may be composed of cartilage, bone, fibro-falty 
tissue, or fibnn , and thev may arise as a consequence of either injury 
or disease For convemence thev may be classified as they occur m 
healthy or m diseased joints. 

Loose Bodies in Healthy Joints. Tlie most strikmg example of a 
ions® body occurring tn a healUn joint is the so-called “ classical ’’ 
loose body m the knee Such a b^y is commonly oval in shape and 
about tlie size of an almond, and it is almost almays single. It results 
from detachment of a portion of an articular surface, usuallv a portion 
near Uie jiostenor aspect of one of the femoral condy les, or sometimes 
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the b»ck of the pilclla Consequcntlj one surficc of the loose bod\ js 
nsunllj come\, smooth, shmj and cosered bj hjahne cartilage, %\hilst 
the other surface, originnlh the deep aspect, js flat or of irregular 
contour 

Loose bodies of this tjpe almost always nffcct males m early adult 
life, and the cause of the detachment is not jet clearly understood 
According to Paget, the cause ■was a ** quiet necrosis ” of Uic subjacent 
bone, presumablj resulting from the action of some toxin, and n some 
uhat similar process has been suggested by Kocmg, who gave it the 
name “ osteochondritis dissecans ” It seems more probable, however, 
tint the essential feature is thrombosis resulting from trauma, A\hich 
leads to impairment of the blood supplj ofn limited area of the articular 
surface and to slow separation of the dc\ itnhzcd portion Often there 
IS a hislorj of a prcaious mjurj to the joint, and c\cn when such a 
lustorj IS unobtainable tlicre maj be presumed to have been a minor 
injurj or perhaps repeated small stresses 

Once set free in the joint such a loose bod\ is apt to become impacted 
between the articular surfaces and to gi\c rise to pam, locking and 
effusion of fluid Subsccjuentlj the recurring traiimi mn> predispose 
to chronic arthritis 

It lb an interesting fact that those loose bodies once set free contnuic 
to h\c , and indeed the cartilage cells ma> nclualJj probfemte so that 
csentuall) eserj aspect of the bo<lj iscoscrcdhj cartilage It appears 
that the nourishment requireil for suranal and growth is derned 
from the sanovnl fluid 

Olher loose bodies occurring in normal joints include such 
bodies as fragments of bone set free bj fractures and portions of 
mtra articular cartilages detached bj trauma Loose bodies of both 
these types most commonlj occur m the knee joint, less often at the 
elbow The tibial spine maj sustain fracture, and the medial semilunar 
cartilage is often detached in part or complclclj, as a result of 
mjur\ 

Occasionallj loose bodies composed of newly formed cartilage 
derned from the sjnoaial membrane (synodal chondromata) occur in 
healthy joints, but they arc far more common in joints affected bj 
chronic arthritis 

Loose Bodies in Diseased Joints Loose bodies may occur in many 
forms of joint disease, but thej are most common in tuberculous 
artbntis, osteo arthritis and neuropathic arthritis Thej occur most 
frequently in the knee, shoulder and elbow (in that order of frequencj ), 
and are rare in other joints 

Fibnnous loose bodies most commonfj occur in tuberculous joints 
TJiey arc small and oaal or someavhat elongated like melon seeds or 
grains of nee, and thev resemble the loose bodies found in burs® and 
tendon sheatlis The> are of firm consistency but not hard, and 
consequently they do not tend to become impacted between the 
articular surfaces They are usually present in large numbers and there 
may be as many as a hundred Occasionally a fibrinous loose body is 
solitary, and is then apt to attain greater size 

Alicroscopic examination shows that the bodies are lammated but 
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hare do celiolar structurt, and they 
appear to be compo>ed principally 
of inspissated fibrin. Doubtless 
they owe their shape to the pOl- 
lollinj effect of the Joint more- 
mcnts. 

FilTi>JcHy l<xa€ lodits most 
commonly occur in Joints affected 
by osteo-arthntb or rheumatoid 
arthntis, but may occur in 
tuberculous and neuropathic Joint 
disea^. Th^ are derired fhan 
hypertrophied fringes of sycocial 
tDembrane, whiris project into the 
jomt and become polypoidal and 
pedunculated. Sometimes the 
bodies be entirely free in the Joint, 
but more often some ranain al- 
tadied by dehcate pedicles. They 
are liable to b* nipped be tween 
tbe articular surfaces and thus 
cau<c Tccurre n t ]mn and 
effusioD. 

Bitty end eeriiZeeineut loost 
Mif* arc most common to osteo* 
arthritis, but they may occur in 
other Joint affections. 

In osteo-arthrilis the marginal 
outgrowths or cbondn^osteopbytes 
may project towards the Joint space, 
and one or more of them may 
be dctadied and set free m 
tbe Joint. Sudi pathological loc^ 
bodies contain small areas of bone 
but are composed mainly of fibro- 
cartibge; which serves to dis- 
tinguish them from ^parated por- 
t.’vssf. ^ tha sari'iws, 

which are composed of hyaline 
caitOage. 

Other chondro-osseous loose 
bodies are derived from the syno- 
vial membrane (synovial chondro- 
mala). JIany years 
ago KoIIihfT showed 
that the ^rnovial 
membrane nonaally 
contains islets of car- 
tilage cells, and under 
certain rircumstances 
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tliese cells proliferate to form cartilaginous masses of considerable 
Size Such chondromata are usually associated with osteo arthritis but 
the> ina> occur m the absence of nnj ob% lous joint disease They may 
project superficially and be palpable as liard lobiilntcd masses closclj 
related to the articular ends of the bones, or they may protrude into 
the joint and ultimately be set free Sjnovial chondromata are 
frequently multiple and usuallj do not attain a diameter of more than 
a centimetre Occasionally the 
greater part of the inner aspect of the 
sjnoMal membrane is studdeil with 
small masses of cartilage Some- 
times there IS a single ciiondroma 
m relation to an otlicnvisc normal 
joint, and rarelj it may attain large 
size, for example, the one shoirn in 
Fig 105 irhich measured 8 cm m its 
long axis 

Cysts of the Menisci of the Knee 
Joint C>st formation in the menisci 
of the knee joint is of fairly frequent 
occurrence and the lateral meniscus 
IS affected about si'i times more often 
than the medial The cysts mvoUc 
the anterior third or half of the 
meniscus and especially its pen 
phery There may be one or more 
large cjsts which may attain a centi 
metre m diameter, they ore sepa 
rated bj fibro cartilaginous septafrom 
a variable number of smaller cjsts 
The cj'sts contain gelatinous material 
The lining membrane is smooth and 
glistening, and microscopically is 
found usually to consist of a single 
fayer of iTaffened" ce/fs fiAe enuo 
thelium 

The etiology is not fully understood In nearly all ciscs injury has 
preceded the development of Uie cjsts, and although it maj Ime 
occurred sc^ eral months or even > ears previously, its importance cannot 
be ignored But trauma seems to be only an exciting factor, because 
the cysts lack hsmorrliagic characleis Their clear contents suggest 
that they may result from degeneration of areas of devitalized fibro 
cartilage, probably the result of injury of tissue of normally poor 
vitality, a belief which is substantiated by the finding of endarteritis 
m the tissues adjacent to the cysts 

Some regard the cysts as distensions of sj iioi lal islet spaces present 
in the menisci, and assert that the lining is endothelial TJie more 
common belief is that the cellular lining of the cysts is derived from 
the cells of the cartilage 

Congenital Disc-shaped Lateral Meniscus The embrjomc disc 
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pattern of the lateral meniscus of the knee occisionall\ persists In 
outline it maj be circular, quadrilateral, or simplj unusuall} broad at 
its anterior horn (comma sliapetl) The importance of the abnormality 
IS that it predisposes the cartilage to injur> , and too ma> be responsible 
for a peculiar painless snappmg noise in the outer part of the knee 
The ‘ snap ’ occurs at about 20® short of full flexion and full exten 
Sion, and at the same time a momentar> check in joint mo^ ement occurs 
and the tibia and femur separate slightlj and then fall together again 
Both the ‘ snap” and the altered gliding of the joint surfaces are 
accounted for bj a transi erse ridge at the anterior part of the cartilage 
uhieh m extremes of moiement must be surmounted bj the femoral 
condjle 


SPONTANEOUS OR PATHOLOGICAL DISLOCATION OF 
JOINTS 

A joint maj be dislocated as a result of disease of the muscles 
which support it or goaern its moaements, or from diseases that affect 
its component parts Usuallj there is a combination of factors lariing 
in different joints The joints m nbich pathological dislocation 
has been most frcquenllj ebsened are the hip, the knee, and the 
occipito atlantoid articulation 

it the hip pathological dislocation is more common than the 
traumatic and the dislocation is aluais dorsal Arthritis septic 
or tuberculous is the commonest predisposing cause but occasionaUj 
paralysis of the abductors and extensors of the hip, such as follows 
pohomjehtis or birth injuries has been responsible Probablj 
in both yarieties traiuna of such a degree that would not affect a 
normal!) constituted joint determines the actual dislocation The 
prolonged assumption of the altitude of flexion and adduction, m which 
position the head of the femur is least supported bi the acetabulum, 
faiours dislocation and the stretched capsular ligaments and eroded 
articular surfaces render the obstacles still fewer If the dislocation is 
ONCtlooked the muscles xnd ligaments become shortened m ndaptation 
to the altered position of the femur In old standing cases the limb is 
shortened and assumes an attitude of flexion and adduction, and moi e 
mette rrre TK>’trK?lt2i wni -pandih K ta\se joml may dieic’iop on the 
dorsum da abo>e the acetabulum 

Dislocation due to muscular paraijsis usually follows the adoption 
of fault! attitude from unopposed muscle action in paraljsis of the 
abductor and extensor muscles of the hip, or it ma> follow contraction 
of the flexor and adductor muscles in spastic paraplegia 

At the knee, spontaneous dislocation is usuallj due to arthritis, 
septic, tuberculous or neuropathic The dislocation is a posterior dis 
placement of the lihia and is attnbutahle to madequate support of the 
posterior aspect of the jomt wherebj the tibia falls backwards out of 
line with the articular surface of the femur 

Pathological dislocation of the knee is exhibited m an exaggerated 
form III tabetic arthropathj From loss of the articular surfaces and 
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the destruction of intra irlicular ligaments the joint nm> be nio\cd 
m almost any direction wjtliout pain 

At the atlanlo-ocapttal or aiianlthepistrophic joint fornard displace- 
ment of tlic skull or of the atlas may occur, ns n result of tuberculous 
canes or from the effects of regional hypcnEimn If the atlas be suddenly 
displaced forward the dens may impinge on the medulla or the upper 
part of the spinal cord and cause sudden death Considerable dis 
placejncnt of the icrtebrae ma} occur without the cord becoming 
compressed provided the dislocation is gradual In some cases there is 
merelj torticollis deformity with marked fixation and great pam on 
attempteel mos ement 


HABITUAL OR RECURREJIT DISLOCATION OF JOINTS 

Ilcpcateil dislocation from comparatuely slight causes is cspccmlly 
apt to occur at the shoulder and at the temporo mandibular joint 
At the shoulder, mobility and wide range of mo\ ement arc obtained 
at the expense of stability , and the joint gams relntivelv slight support 
from Its bon> surfaces or capsule, but owes its security principally to 
the reinforcement of the muscles around it The glenoid ligament 
(labrum glenoidalc), which consists of a strong ring of dense fibrous 
tissue, serves to deepen the joint and probablj increases its stability 
The usual traumatic dislocation occurs bj indirect v lolcncc and the 
head of the humerus escapes through a niptnrc of the antcro inferior 
part of the capsule between the tendons of the subscapulans am] the 
triceps ^\hen reduced, sound healing of the capsule occurs and 
recurrence of dislocation is acrv unusual The recurring tj^pc of 
dislocation follows a different kind of injury— an impact from the 
head of the humerus on the antero inferior {>art of the glenoid ligament 
resulting usually from a fall on the back of the shoulder or on the elbow 
when the arm is moderately cxtcndeil Atldctcs and epileptics are a cry 
commonij tlie victims of such severe injurj Recurrence of the dis 
location, which may occur from very slight violence, is due to shearing 
off of the anterior margin of the glenoid ligament and its failure to 
reattach itself 

Recurrent dislocation of the temporo mandibular joint is a relati\ ely 
rare condition , it may be unilateral or bilateral The tendency to 
repeated dislocation has its origin m a former acute dislocation winch 
has produced stretching or rupture of the ligaments and muscles of 
the joint, and especially the external pterygoid muscle In some 
instances the meniscus is unduly lax or is tom, and this predisjxiscs to 
redislocation 
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CHAPTER X 


DISEASES or MUSCLES, TENDON SHEATHS 
AND BURS^ 

CONTRACTURE OF MUSCLES 

CoNTHACTUHE of muscles IS a frequent accompaniment and sometimes 
a cause of deformities Sliortening raa> result from any of the 
following causes (1) prenatal lesions of muscle, causing congenital 
deformity , (2) prolonged approximation of the points of attachment of 
the muscles, for example, m old dislocations, or after fixation m positions 
of flexion , (3) weaLness or paralysis of opposing muscle groups, for 
example, in poliomyelitis, or after peripheral nerve mjurj , (4) disease 
m the related joint, especially rheumatoid artlintis and gonococcal 
arthritis , (S) disease or mjury of muscles, with subsequent fibrosis and 
contracture such as follows fracture, osteomyelitis, etc 

The character of the deformity depends upon the nature and extent 
of the underlying lesion Sometimes, especially when resulting from 
nerve injuries, the deCorrenty is very cliaracteristic, for example, the 
“ mam en griffe ’ of ulnar nerve paralysis and the drop foot following 
paralysis of its extensor and evertor muscles 

Three special types o! muscular contracture — prenatal muscular 
dystrophy, torticollis, and Volkmann’s ischsnuc contracture— require 
special mention 


PRENATAL MUSCULAR DYSTROPHY 
Many congenital skeletal deformities, such as congenital high scapula, 
bilateral club hand and club foot (arthrogryposis multiplex congenita), 
congenital genu rcciinJolUTn and congenital angulation of the tibia, are 
believed to result from muscular dystrophy developmg fairly late 
in Ultra uterine life Histological researches in these and similar 
conditions suggest that the underlying defect is some variety of prenatal 
myodysplasia, in which dcveli^mg muscles either fail to reacli full 
structural maturity, or, if fully developed, tend to degenerate because 
they are unable to mamtam themselves in a state of high 
differentiation No lesion of the peripheral nerv es has been discov er^ 
CoTigenital high scapula is associated with absence of the lower 
part of the trapezius, and the upper part together with the rhomboid 
muscles is the seat of fibrous infiltration In addition, there is usually 
ev idence of w idespread disturbance of dev elopment of the mesodermic 
structures of the neck, in the form of congenital kyphosis, crania- or 
spina bifida, and irregular segmentation of the cervical part of the 
vertebral column Probably, as was suggested by Middleton, the 
high position of the scapula and its failure to descend are due not so 
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much fo muscular anomalj as to irregularity of deaelopment of the 
mcsobJastic components of the cciaico dorsal seg^nent of the trunk 
and the upper limb buds The muscles of the shoulder gittlle merely 
share in the disturbance of deaclopmcnt 

4rthrogriiposis multiplex congentta is ti rare dcformitj in a^hich 
there is bilateral clubbing of the hands nnd/or of the feet The muscles 
of the hmbs ore unsted and joint morement is restricted Wien the 
loner e\trcmitj is affected congenital dislocation of the hip joint is 
frequenth present and is of sucli a tjqic that reduction is more than 
usuallj difTicult or impossible 

The counterpart of orthrogr^-posis has been obsersed frcqucntlj in 
Jambs, and is regarded as a simple autosomal rccessis e In the human 
subject hercthtarj factors apjicnr to be absent The microscopic 
appearance of the affected muscles is the same in man and nnimals 
and consists of fibro fattj degeneration, similar to that obsersed in the 
muscular dystrophies of later life ApparentU , the muscle degeneration 
occurs late m mtm uterine life and affects muscle fibres winch are 
nlrcadj fulij differentiated Once starlcil the degeneration progresses 
rapidly but ceases at birth 

From the surgical staiidjiomt, it is \\otlh> of note that the club foot 
differs from the more familiar congenital talipes m tint there is absence 
of muscular power and a greater difficulty m effecting reduction, but 
after correction there is less tendenej to recurrence of dcformitj 
CongenUul genu recunatum (congenital dislocation of the knee) may 
be unilateral or bilateral , it is frequent}} ossoemted iwtli other mnl 
deaelopments such as club foot and congenital dislocation of the hip 
The knee joint is fixed in hjpcrextcnsion, which can he increased 
shghtlj by manipulation , but flexion is restrained b} the clastic 
resistance of the stretched hamstring muscles Antenorlj the plane of 
the joint IS marked by transverse creases in the skin , posteriori} the 
prominence of the femoral cond>Ics may be detected The patella is 
usuall} undeveloped or maj be absent The cause of the deformity is 
contracture of the quailriceps muscle, tlie result of antenatal fibro fatt} 
degeneration 

Congenital angulation of the tibia is characterised by anterior k} photic 
angulation of the tibia at the junction of its middle and distal third 
and IS associated with extreme and fixed talipes equmus The limb as 
a whole is short, particularly the part below the knee Other abnor- 
malities of development frequently co exist 

Although there are no demonstrable microscopic changes in the 
calf muscles, it is thought that the deformity results from failure of 
the final stages of muscular development, because the finer degrees 
of muscle dystrophy, short of dismtegntion, cannot be identified 
The contraction of the affected muscles leads to bending and angula 
tion of the cartilaginous tibia 

CONGENITAL TORTICOLLIS (Wry-neck) 

Congenital torticollis results from fibrosis and consequent contracture 
of the stemo mastoid muscle Both sternal and clavicular heads arc 
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affcctcil and in well-established cTSes tliej stand out ns tight hands 
The shortening leads to restriction of growth of nil the other soft tissues 
m the affected part of the neck, including the deep fascia, the sheath 
of the great aessels, and the scalene muscles 

The contracture causes limitation of the moieraents of rotation 
and elevation of the head, and the head vs flexed, bent towards the 
affected side, and rotated towards the opposite side In manj cases 
there is asjTnraetry of the face and skull , on the affected side the face 
IS small, and the frontal tuberosity is flat, on the opposite side the 
occipital bone bulges Owing to excessive shortness of the fibrosed 
muscle the mastoid process on the affected side is abnormally large, 
and an exostosis may dev elop at its clavicular attachment Thoracieo- 
cervical scoliosis often develops 

Formerly , torticollis vras attributed to an injury sustamcvl at birtli 
and was regarded as the end result of a ‘ stemoniastoid tumour,” a 
spindle shaped mass of young fibrous tissue sometimes found a week 
or two after birth and believed to l>e due to partial rupture of the 
muscle during the process of parturition 

This theory, however, fails to account for the fact tliat the 
contracture mav occasionally be present in fullv developed form at 
birth not for the common association with congenital asymmetry of 
the skull It seems more probable that the deformity is due to 
congenital aplasia 

VOLKMANN’S ISCHiEMIC CONTRACTURE 
This stubborn form of contracture generally affects the flexor 
muscles of the Iiand and forearm and causes considerable deformity 
and disability I,ess often (see below) it affects the muscles of the 
calf and foot It is an occasional (and sometimes unavoidable) com 
plication of fractures and dislocations m the region of the elbow, less 
often of more distal fractures It is commonest between the ages of 
five and fifteen years, the period when these fractures are most often 
sustained In rare mstanccs the contracture has developed after 
injury to the soft tissues of the arm, the prolonged applicotion of a 
tourniquet, and embohsm of the brachial artery 

At the onset of the contracture, which may be cv ident a few hours 
after the injury, there is usually burnmg pam in the hand and forearm 
and great agony follows attempts to extend the fingers Swelling and 
blueness (rarely pallor) of the fingers are of special sigmficance The 
radial pulse is much reduced in volume or imperceptible IVhen the 
contracture is fully developed the wrist is flexed, the ^gers are extended 
at the metacarpo-phalangeal joints and flexed at the interphalangeal 
joints Smee tlie tendons ate free from adhesions the fingers can be 
straightened after flexing the smst The general nutrition of the limb 
is often impaired, and the hand is cold and blue 

In estabhshed cases the appearance of the affected muscles is quite 
characteristic They are indurated and surrounded by a dense fibrous 
sheath, and the muscle substance is replaced by a y ellowish green 
homogeneous substance which cuts with difficulty The outstanding 
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microscopic change is an irr<^u)arJy dislwbutcil im»ss necrosis of mitsclc 
fibres with fibrous proliferation uround the dead muscle bundles In 
places groups of fibres sur\i\e and may slion hypertrophj 

\olkniann’s contracture is now known to be due to mtcrferencc 
with the arterial blood supplj to the muscles In some cases the 
brachial nrterj is compressed dirccllj 1»> a displaced fragment of lionc 
or b\ external pressure from splints or band igcs In other eases tlie 
arterj or its branches are obliterated bj spasm sccondarj to the trauma 
let again thej may be compressed bj a harmatoraa confined beneath 
the deep fascia 

Recently it lias been shown tliat a similar contracture maj affect 
the muscles of the calf and foot If the site of \ascular occlusion is 
the popliteal arterj (the result, for example, of pressure hj a tight 
plaster case) all the muscles are imoUed ^lore often, a single group 
of muscles or even a single muscle belly is afTcclcd as a result of a less 
extensn e iscluemia due to the pressure of a liTmatoma 

A olkmann s eontmeture maj be aecompanictl bj motor or sensor} 
paraljsis Formcrl} it was assumed that the paml}sis is due to 
incorporation of nenc trunks in the scar tissue hut more prohahl} 
there is a coincident ncr>c lesion due, like the muscle necrosis, to 
iscliTmin 

A similar trauHintie uchaama of nmfs ma\ occur imlcpcndentK 
and maj result from thrombosis or compression or spasm of the mam 
arten or from pressure cause<l b} a h/rmatoma beneath the deep 
fascia Tlie paraljsis m\ohcs all the nerves of the part and affects 
light touch and joint scnsitiv it} more than deep pressure or pm prick 
It starts at the extremitv, spreads centripctall) and assumes n glove 
or stocking distribution Wien it is due to swelling beneath the deep 
fjscia nen es wath a long superficial course may escape 

RUPTURE OF MUSCLES AND TENDONS 

Despite the severe strains to which muscles ma> be subjected, 
rupture is not a common injurj Subcutaneous rupture is commonest 
m adults or elderlj subjects following unexpected violent contraction, 
(sometimes by the opposmg group of muscles) Diminished tone or 
hjahne degeneration, such ns maj follow a debilitating illness, is some- 
times a predisposmg factor The muscle usuallj ruptures where its 
fibres converge on tendinous prolongation, but the tear may affect 
the bell} of the muscle or the tendon itself 

The gap created bj rupture of a muscle is first filled by blood, tlicn 
fibrin IS deposited, and later granulation tissue bridges the space 
Replacement bj scar tissue finnllj occurs, but there is never union of 
muscle to muscle or regeneration of its fibres however accurate apposi 
tion maj have been The ultimate function of the muscle so far as 
power and motion are concerned, is likely to be normal prov ided scar 
tissue does not bmd it to adjacent fixed structures, such as fascia and 
bone In some situations the fibrous tissue at the site of repair ma\ 
become attenuated and, in the abdominal wall, maj predispose to 
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Se\erance of a tendon is followed by separation of its ends, and Hie 
d^ee of retraction depends on the position of the part and the state of 
contraction of the related muscle at the time of the rupture The 
process of repair is on the same lines as m muscle by fibrous tissue 
replacement of the mter, ening blood clot and fluid exudate I*rovided 
the gap IS not excessive, and adhesion of the tendon to adjacent 
structures can be o\ ercome, the natural process of fibrous contraction 
effects a secure approximation 

The commonest sites for rupture of muscles (or tendons) are — the 
rectus femons or one or all components of the quadriceps, the tendo 
calcaneus the tendons or muscle bedus of the biceps brachii, and the 
extensor tendons of the thumb and fingers, especially the index and 
ring In rare circumstances the rectus abdommis muscle undergoes 
rupture, especiall\ below the umbilicus, where its postenor sheath is 
deficient Sometimes there isacomcident rupture of the deep epigastric 
\ essels and a diffuse ha^matoma develops Sometimes the rupture has 
been caused bj direct \iolence, usually, howe%er, it follows slight 
exertion, especiallj in subjects debilitated from such illnesses as tj^iho d, 
mfluenza and pneumonia It has been obsen ed during pregnancy and 
parturition and following the muscle cramps of tetanus The practical 
importance of the condition is that it simulates intra abdominal disease 
such as appendicitis, choIec\$titis and strangulated hernia 

OSSIFICATION IN MUSCLES AND TENDONS 

Ossification in relation to muscles is usually the outcome of mjurj , 
either contusion fracture, or dislocation The resulting mass of bone 
IS usuall} known as traumciic osteoma a designation which justifiably 
replaces the older term traumatic mt/ostlis ossi^ccns 

Localized ossification is common m the muscles and tendons of those 
subject to osteo arthritis The bone is usually in the form of spikes, 
sometimes known as false exostoses, which are often continuous with 
the roughnesses to which the muscles secure attachment Similar 
bone formation may occur m association with neuropathic arthritis, 
parhcularlj of the ijiee 

Traumabc Osteoma. A traumatic osteoma resulting from a simple 
contusion and unassociated with a fracture has been observed most 
often in connexion with the quadneeps ferraons following a se\ ere blow 
The. hAoe de’.eJ/wja w. «. 'c, 'ttOi wf/pjntrA iur 

hve to eight weeks after injury , it is not m the muscle fibres, but 
between them, or in the inter muscular planes If a radiogram of a 
limb IS taken some weeks after a severe contusion it may be noted that, 
ei en m the absence of fracture, the bones for a distance from the pomt 
of injury show shght rarefaction It is probable that injury to the 
periosteum releases lime salts for ossification to occur in the organizing 
hxmatoma (fre p 116) 

Intermittent and unaccustomed strain may lead to ossification in 
the affected muscles or tendons A familiar example is the keel shaped 
plate of bone that grows from the linea aspera behieen the tendons 
of the adductor longus and brevis m cavalry recruits unaccustomed to 
horsemanship 
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Trnumatic osteoma associated 'with fractures and dislocations 
has been obscrv cd most often m relation to the femur or tlic humerus 
and at tlie elbow joint The principles under ’ 


!j ing the new bone formation arc the same ns 
those mentioned nbo\c At the elbow joint 
the ossification occurs lietwcen the brachmhs 
muscle and the sliaft of the humerus, and its 
occurrence has sometimes been obscrscil after 
forcible manipulation of a stiff joint , the new 
bone may lead to considerable limitation of 
mo'icincnt, but it tends to disappear provided 
mo\cmcnt is restricted for suflicicnt lime If 
the osteoma persists it maj gt\ c rise to disabiliti 
bj limiting the mo%cmcnt of the muscles or bv 
impeding the excursion of a neighbouring joint 

Mjositis Ossificans Progressiva Infiltration 
of muscles bj bone is seen on an extensu 
scale m myositis ossificans progressiva — a rir 
disease m which large deposits of hmc s ills 1 1 
bone develop in relation to muscles, nponc i 
roses ligaments, and fiiscix It ntfects \ou 
male subjects, seldom women Its sctiologv 
not known 

Tile muscles attcclcd m the cnrlj stages ire 
those of the back and neck, cspccialK i 
latissimus, trapezius, and rhomboids At t <. 
onset of the disease tlicrc arc attacks of stitf 
swelling and tenderness m Ihenffecled must Its 
which become firm and doughy 
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osteoma 


I’rior to bone formation there is hvpcrjil i 1 1 
of the intramuscular fibrous tissu i 1 
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deposition of lime salts between tl c lo 1 1 res and in the 

intermuscular planes The bone is of a s| v tt ture and is often 

disposed in large sheets or plaques in the 1 ^ ? ms of the muscles 

In addition, there may he large osseous projections from the vertebral 
$pinc$ the iln, and the scapular None of the bony masses hes free and 
unattached to the skeleton 

As ossification progresses, mov cmcnls of the back and limbs become 
greatly impaired The ribs become lixcd xml respiration is solely by 
tlie diaphragm Death is due usually to ptdmomry infection 

A frequent and striking coincidence in the recorded eases is con* 
genital hallux valgus caused by imjxcrfcct development of the phalanges 
A similar deformity of the thumbs is usually present 


TUMOURS IN MUSCLES 

Tumours m muscles arc uncommon, mid most of them arise from 
the muscle sheath or the intermuscular fibrous tissue The commonest 
varieties of simple tumour are lipoma hwmangioma fibroma and 
fibrosarcoma 
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A hpoma maj" arise in the muscles of the shoulder girdle or of the 
thigh. In other situations it is rare. The tumour is soft -when the 
muscle IS relaxed, but becomes firm and hard during contraction. 
DifBcultv m diagnosis of an mtermuscular hpoma map be considerable 
when it IS situated beneath a firm aponeurosis. 

A hsemangioma is a verj rare tumour in muscles. It occurs gener- 
ally m young subjects, and is probably congemtah The tumour is of 
the cavernous type, and is localized usually in one part of the affected 
musde, but occasionally the tumour is diffuse. 

A muscle bsmangioma is usually soft and compressible, unless 
tlirombosis has occurred withm it. IVhen the tumour is pulsatile it may 

resemble a tapidlj 



growing sarcoma. 

Recurrent Fibroma 
or Desmoid Tmnotir. 
This is a tumour 
peculiar to muscle, of 
special interest 
b^use It has the 
mieroseopic character 
of a simple nec^Iasm, 
%et it has no capsule, 
lends to inrdtratc 
wHleh and is'^erj apt 
to recur after removal 
It does not form 
nietastas*s 

The tumour occurs 
most offen m the 
rectus abdominis 
muscle but is seen 
also m the deltoid, the 
gluteal muscles and 
occasionally else- 
where In the rectus 


muscle It IS seen most often m parous women, and has been attributed to 


rupture of the muscle fibres during parturition, while m olhe- cases 


there mav be a histor> a blow 


When small the tumour is pinkish-white m colour, and is so hard 
that it creaks when cut. Its cut surface has a tendon hke appearance, 
hence the old term “ desmoid tumour *’ \Yhen Urge the tumour is 
softer, and it may show mocoid degeneration On microscopic examina- 
tion the tumour has the appearance of a fairly cellular fibroma with 
cdls arranged in bundles or whorls. The stroma is scanty and the 
bloodvesselsaTesmaUbatwellfoimed. CharacteTi>tical]\ it infiltrates 
the muscle fibres, which m consequence lose their stnation and undergo 
degeneration 

Microscopic examination shows that the invading cells extend a 
long way bejond the visible margin of th* growth. It b for this 
reason that recunence is so comnum, even after a wide local resrotion. 
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Progrcss is slo;\ but m Ihc eouxseof jcars llic tumour spreads 
Thus from tJie rccliis muscle it may cvcnluallj implicate the muscle 
sheath the peritoneum ami CNcn the pubic periosteum, sshilc from the 
deltoid muscle it nia> spread to the pectorals and thus to the chest 
unll 


TENOSYNOVITIS 

Tendon sheaths ha\ e the same structure ns the synovial membranes 
of joints and ore affected by the same diseases They are liable to 
become inflamed (tenosynovitis) os a result of injury, and to become 
infected by pyogenic organisms, gonococci, and tubercle bacilli 

^\ell de^ eloped tendon sheaths are found only at the UTist, m the 
fingers, and at the anUe joint , and these, therefore, are the usual 
situations of tenosynovitis 

Traumatic Tenosynovitis, Traumatic tenosynovitis (tenosynovitis 
crepitans) sometimes foUoirs a seacre strain or cxccssuc use of a 
particular group of tendons As only a small number of people who 
submit their tendons to undue strain develop tenosynovitis, it may be 
presumed that some constitutional factor must be superadded 

In tins variety of tenosynovitis the opposed surfaces of the tendon 
slicatli are covered nilh fibrinous lymph winch imparts a crepitant 
sensation when the tendons move It may be accompamed by consider- 
able subcutaneous cedema There may be an effusion of rusty fluid 
into the sheath, but it is rarely laige in amount The tendons most 
often affected are the extensors of the fingers and those of the toes 
Infective Tenosynovitis Infective tenosynovitis may be of l>vo 
varieties (I) acute, and (2) chrome 

(1) Acute tenosynovitis may be toxic in origin or due to pyogenic 
organisms from a septic lesion m the proximity of one of the large tendon 
eiieaths or to gonococci earned m the blood 

Pyogenic or suppurative tenosynovitis (thecal whitlow) occurs m 
cliaracteristic form in association with septic infections of the hand 
The infection is usually due to streptococci, less often staphylococci 
Tl\e shcatlvs of the flexor tetwlous oC the. fiugeis and of the 
more often atTected than those of the extensors Infection may 
arise in any of several ways not infrequently infection of the sheath 
follows directly from a prick on Uie volar surface of the finger, 
especially at tlie proximal interpliaJangeal crease where the sheath is 
most superficial In other instances infection is earned by the lymph 
vessels from an adjacent cellulitis, or it is conv eyed from a subcutaneous 
whitlow either by natural extension or os o result of a careless incision 
When the tendon sheaths of the little finger or the thumb are 
affected, extension to the common flexor sheath is apt to occur owing 
to their direct communicadion with it In the case of the other fingers 
such extension is uncommon, for after pus has burst through the proximal 
end of the sheath, it passes into tlie middle palmar space or to the thenar 
space rather than to the common flexor sheath 

When a tendon sheath is infected it becomes hyperamic and 
thickened, its inner surface covered with purulent lymph and the 
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sheath distended with pus If the pus is not evacuated, the tendons 
depnved of their blood suppl>, may slough, and infection may extend 
to the adjacent bones and joints The formation of fibrous adhesions 
usuallv gnes rise to permanent contracture of the fingers 

Gonococcal tenosynovitis may occur as a compbcation of gonorrhoea 
in either sex. It maj begin at ao> stage of the infection, but is 
commonest about the second to the third week of the disease It has 
been known to occur in mfancj as a result of gonococcal ophthalmia 
Gonococcal tenosynovitis usuall} occurs simultaneously w ith 
mfections of the jomts The tendon sheaths at the wnst and ankle 
are those most often affected, the extensors more often than the flexors 
In the acute stage of the tenosynovitis, gonococci can often be 
demonstrated m the fluid obtained bj puncture of the sheath 

The seventy of the tenosynovitis vanes In mild coses there is 
effusion of serous flmd into the affected sheath, associated with pam and 
impairment of movement In more severe cases there arc considerable 
redness of the skin and oedema of the subcutaneous tissues Onij rarely 
does suppuration occur, and if tt does the tendons do not tend to slough 
as m other pyogenic saneties of tenosynovitis After gonococcal 
tenosynovitis adhesions ma\ form m the sheath and lead to stiffness 
(2) Chrome tenosynovitis, if non traumatic is generally tuberculous 
The commonest site is the large flexor sheath at the wrist , less ollcn 
the sheaths of the extensor and peroneal tendons at the ankle joint are 
invohed The disease affects young adults and is frequeotiv the only 
manifestation of actn e tuberculosis (compound palmar ganglion) 

The pathological features are observed m most cliaracteristic form 
at the common flexor sheath at the wrist Sometimes the extensor and 
the digital slieaths are affected in addition nr independently The 
disease mai present itself m various forms which arc probably accounted 
for by lariations m its duration and by varying local and general 
resistance In its simplest and early form a serous exudate is present , 
later granulation tissue and ‘nee bodies” appear, and, finally, m 
the severer forms extensive caseation may occur 

\^’hen inspected at operation the deep fascia is found to be tense and 
the underlying sheath is no longer white and glistening but yellowish 
grey greyish red or purple It is distended with straw-coloured 
fluid and the tendons may be thickened and matted by vascular 
granulation tissue which renders them dull and lustreless At a later 
stage there may be loculation of the fluid or the sheath may be partially 
obliterated by fibrous tissue or by ” nee bodies ’ In advanced cases 
the fluid IS replaced by caseous or gelatmous material At first the 
tendons though thickened as a result of proliferation of their visceral 
sheaths are healthy but m severer cases there may be destruction of 
a single tendon or groups of tendons The median nerve, which is 
intimately related to the common flexor sheath, is often swollen as a 
result of cedema of its sheath but its fibres are not affected 

The progress of the disease is very variable , m some cases fibrous 
tissue formation may limit the disease, in others it may assume a chronic 
hypertrophic form Sometimes extensive casealion may lead to per 
foration of the sheath and a cold abscess 
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Tuberculous tenosynovitis nt the wrist leads to stiffness and weak 
ness of the fingers Pam of a burning character in the distribution of 
the median ner\c is sometimes present TenosjTioMtis, >%hen un 
complicated by osseous disease or active lesions elsewhere, is treated 
most suitably bj excision of tlie diseased tissue, and the degree of 
recoverj depends on the extent to which there ma\ liave been 
destruction of tendons 

Tumours of Tendon Sheaths A miscellaneous v nriet> of tumours 
arise from tendon sheaths (as from burs-e and joints) Such tumours 
usuallj solitarj , maj be fibrous, myxomatous, or cv en cartilaginous, and 
are subject to various forms of degeneration Tlie tumour, usually 
nodular is seldom larger than n cherrj and is of slow grow th and in all 
respects benign It affects usually the tendon sheaths of the wrist and 
fingers less often those of the foot It is commonest m joung and 
middle aged adults, and maj cause pain and disability 

Tlic tumour is eneapsuled and grows outwards rather than tow arils 
the tendon sheath It maj be gre> or pink or altered by degeneration 
or hTmorrhage The histologj of these tumours is variable fibrous, 
giant cell, and xanthomatous forms arc described and tliese particular 
tjpes are often combined with cjstic, mjxomatous or hpoid or other 
chonges 

The origin of sj-novial tumours is not full> ascertained It is more 
than likelj that sjmovial surfaces are derived not as endothelium but 
ns modified connectu e tissue specialized to form a pav ement endothelial 
like surface The non committal title Synovioma ” has been adopted 
to embrace the varied histological types occurring m tendon sheaths, 
bursx and joints 

In all but a few instances o synomoma is simple and casilj 
enucleated from its capsule Sarcomatous tj^ies — fibn>— spindle cell, 
etc , are known, but are very rate their malignant character is usually 
obvious from the outset 

DISEASES OF BURSiE 

Bursie minimise friction, and ore usually present where tendons pass 
o\ er bony surfaces or where the superficial fascia and skin cover a bonv 
prominence In structure bursaj resemble the sjTiovia! capsules of 
joints and tendon sheaths, of which in some situations bursi; are merely 
prolongations At sites where the skin and subcutaneous tissue are 
exposed to intermittent friction, abnormal burs® may develop Such 
burs® are known as adventUtoui hursee, and their development is often 
due to repeated trauma incident to particular occupations Similarly, 
adventitious burs® may develop m relation to deformities of the 
skeleton, especially where bonj prominences are exposed to abnormal 
intermittent pressure , familiar eiounples of such burs® are those o\ er 
the head of the first metatarsal m hallux valgus (bumon), tliose over 
the tarsus m club foot, and those over the end of the bone m amputation 
stumps 

Burs® are liable to many of the same forms of disease as joints 
and tendon sheaths, and when a bursa is m communication with a 
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joint it p-itticipatcs m onj patliological condition that uuoUcs the 
joint 

Traumatic bursitis usually results from excessive fnction and 
pressure and occurs most often in tlie superficial burs£, less often, 
the more decplj placed bursaj such as the senu membranosus bursa 
and the subacromial bursa ate affected Traumatic bursitis is ebar 
acteriied by an increase of serous fluid m the bursa and tliickening 
of its lining membrane The process may be an acute one, and is then 
attended by considerable pam and disability More often, however, 
the process is chrome and the bursa distends slowly with fluid {bursal 
hydrops) 

If the inflammation does not subside, or if it relapses frequently 




Fic lOS D latnal chronic prepatellar burs Us lO a woman aged eigl ty 
three above concentric tlucLen og due to prohfention of fibrous 
tissue below large BweltiDg due to fibrous tissue overgron'th and 
gelatinous degeneratiau 

the walls of the bursa may become very thick and irregular adiiesions, 
septa or fringes may form in its interior, or concentric thickening may 
ensue, resulting in a fibrous swelling (see Tig 108 ) OcctsionsUy, 
loose bodies of the melon seed Tanetj may develop withm it 

The prepatellar bursa and the olecranon bursa are those most liable to 
injury and various fanciful names hare been assigned to the conditions 
according to the occupation which tms suspected to produce it for 
example housemaid s knee and student’s elbow 

Subacromial bursitis may occur as an immediate or late sequel to 
injuries to the shoulder, such as a blow, a wrench or a dislocation In 
the majority of cases theunderljingJesioois an injury, usually rupture, 
of tbe fibres of the tendon of the supcaspinatus muscle The rupture 
usually takes place close to the greater tuberosity and the subsequent 
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rctr iction of tlie tendon (it may be for ns much as 2i inches) enlarges 
the gap nnd establishes n communication betneen the shoulder joint 
and the bursa Probably smaller tears of the tendon, ^\hlch imoUe 
only a fen fibres, are quite common, nnd the mtratendmous calcification 
•which frequently follows may gne rise to the features of traumatic 
subcromial bursitis 

Acute infective bursitis frequently follows abrasions and wounds, 
nnd, ns superficial bursx are structurally related to the lymph vascular 
system, it IS not uncommon m cellulitis or lymphangitis The pre 
patellar and the olecranon bursa: arc most often affected 

In suppumtnc bursitis the walls of the bursa become greatly 
thickened, the inner surface is destroyed, nnd the cavity is filled with 
thick y ellow or sanious pus The resulting abscess may burst through 
the skm or track for a considerable distance m the subcutaneous tissue 
and lead to cellulitis AMien healing occurs the bursa may be com- 
pletely obliterated by librosis 

Gonococcal bursitis is less common than gonococcal artliritis, which 
It resembles very closely m its pathological features The bursa 
most often nffected is that at tlic insertion of the lendo calcaneus 

Tuberculous bursitis is uncommon It is most apt to occur in 
bursx near large joints, such as the hip, shoulder nnd knee nnd is then 
usually secondary to tuberculosis of these joints Nevertheless the 
subacromial bursa, which docs not normally communicate with any 
joint may be the sent of tuberculosis in the absence of disease in the 
neighbouring hones or joint Similarly, the ilio psoas bursa, situated 
between the psoas muscle nnd the capsule of the hip joint, may be 
affected by tubercle as may the various bursa; relaliil to the gluteal 
muscles 

Other Diseases of Burs<c In gouty subjects chalk may be deposited 
in the walls of burst: Calcareous deposits m the subacromial bursa 
or in the tendon of the supraspinntus muscle are common and arc 
usually the result of trauma Involvement in sypliihs is extremely rare 
The occurrence of a giant cell tumour cellular fibroma nnd fibre 
sarcoma (synovioma) fibroma in bursa has also been reported 

Ganglion A ganglion is a cystic swelling which occurs in the 
neighbourhood of a joint or tendon sheath, especially at the wTist 
ankle, and knee In many instances it appears soon after a strain, m 
others there is no obvious cause Ganglion is common in either se\ but 
more so in women than in men Often it disappears spontaneously 
Tlie cyst is generally unilocular, is v cry thin wall^ and contains 
clear, jelly like fluid It may reach the sire of a pigeon’s egg The wall 
of the cy st is composed of fibrous tissue which adheres lightly to the 
surrounding tissues There is no endothelial lining The mode of 
origin of a ganglion is uncertain It is generally stated that it arises 
from a synovial sheath or a joint Certainly at the carpus it is usually 
possible to demonstrate a communication between the ganglion and 
the interior of the wTist or mtercarpal joints Although the cyst may 
adliere to the tendon sheaths a communication with them is not 
usually discovered 

The most likely cause of ganglion formation is mucoid degeneration 
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of injured capsular ligaments ; in some instances they may be extrusions 
of synovial membrane from nearby joints. 
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CHAPTER XI 

DISEASES OF BLOOD VESSELS 


THROMBOPHLEBITIS 

Xo clear distinction can be drnun betncen thrombosis occurring in 
healthy ^eins (phlebo thrombosis) and thrombosis associated •with 
inflammatory changes in the wall of the vein (phlebitis) 

This disease commonly affects the %eins of the lower limbs and 
pehis. It occurs most often ns a post-operative complication or after 
childbirth, but it is by no means rare m patients confined to bed for 
any reason. Occasionally it arises in healthy' persons, especially the 
elderly. 

Post-operatue Thrombophlebitk nearly always occurs m middle- 
aged or old patients and is most common after operations on the abdo- 
minal or pcl\ ic organs It usually becomes manifest a week or ten days 
after operation, though exceptionally it may appear os early os tlic 
third day or as late as the third week. 

The thrombosis usually starts m the deep \ems of the calf muscles, 
less often m the a eins of tlie saphenous sy stem or in the deep a eins of the 
thigh or of the pehis At first the clot forms slowly and is white in 
colour, consisting of fibrin with many platelets ond leucocytes, but 
few red cells Later as coagulatility increases tliere is a more rapid 
hying down of red clot, extending in a prmcimal direction This forms 
a “ tail ” to the thrombus, winch lies free in the lumen and may extend 
a long distance from the original site Thus it is not uncommon to 
find that a white thrombus originating m the \eins of the calf muscles 
has a red tail floating freely within the common femoral \em or e\eu 
higher. Probably this red tail is m no sense a permanent clot, but 
increases and diminishes as plioscs of increased coagulation are 
succeeded by phases of clot lysis. It is for this reason that anti- 
coagufanf s such as fieparm and dicumarof are ellecfrt e, ibr when ffie 
coagulability' of the blood is reduced the fibrinolytic substances wluch 
are normally present quickly' lead to disappearance of much of the 
existing clot. 

The local effects of thrombophlebitis \ ary greatly. Simple thrombosis 
of moderate extent may gi\ e rise only to slight cedema of the extremity . 
More extensu e clotting of the deep ^ eins causes marked sw elhng of the 
limb with distention of superficial \essels and blueness of the skin If 
the superficial veins are thrombosed they may be palpated as tender 
cords. In the presence of phlebitis there is pain in tlie affected area, 
while tenderness can be elicited by direct pressure or, in the calf, by 
forcible dorsiflexion of the foot. In the most extreme ty'pe, which 
formerly' was common in puerperal cases, owing to pen pliJebitis with 
obliteration of lymphatic channels tlie whole limb becomes greatly 
swollen, dead white and painful (phlegmasia alba dolens). 
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TJie great danger of thrombophlebitii lies m the liabiht) of the red 
tail of the clot to I>e set loose and give rise to pulmoriarj embolism 
(p 33G) It IS notewocthj tliat this complication is more apt to 
supervene upon a small unnoticed thrombosis than a severe phlebitis, 
probably because in the latter circumstance the clot is more firnU} 
attached to the wall of the vein 

Tlie cause of post-operative thrombophlebitis is not clearlj under 
stood butprobablj there are three mam contributorv factors (l)The 
presence of tissue products set free at the site of operation (2) mild 
mfection (3) venous stasis Hus last factor is probablv the most 
important 

There is evidence to suggest that sometimes the thromlxisis starts 
in the earl> post-operative phase as a result of pressure on the calf 
muscles as the patient lies flaccid on the operation table, or the 
pressure of a bolster placed under the knees to maintain the semi sitting 
position maj be a determining factor It is notewortlij tint the 
incidence of phlebitis can lie reduced bj earl) vigorous movement 

In the course of time as the process subsides the thrombus liecomes 
organized bv fibroblastic tissue which extends into the clot from the 
intima Later the clot is recanaltzed and m cases of mild or moderate 
extent the patenev of the venous pathway mav be fullv restored In 
severe cases however some venous and l)*mphatic stasis innv persist 
and give rise to chronic oxlema of the limb As a late sequel a leg ulcer 
of particularlv resistant character Ria> develop 

Tlie progress of tlirombophlcbilis is grcntlj influenced bj the use 
of anticoagulants lUpann a mucoitin sulpburie ester is so called 
because it was isolated first from the hver Originallj it was believed 
to exert Its effect b} inhibiting the activ it) of prothrombin According 
to the V lew now held it is the anticoagulant normal]) present m the 
blood and its effect is to activate antitlirombin Dicuinarol is tlie active 
agent in sweet clover disease a lurniorrhagit disorder occurring in 
cattle fed on w ct stacked clov er Its anticoagulant effect depends upon 
its propert) of inhibiting the formation of protlirombin Unlike 
hepann vvbicJi is transient in action and rapidl) eliminated dicumarot 
acts slow I) and its effect is prolonged and cumulativ e 

Migrating ThiombopWebitis Tins condition may occur in xoung 
men and is then often associated with Ihrombo angeitis obliterans It 
lias been observed occasional!) in cases of deep scatctl maligtnnif 
disease eg bioncliial carcinoma or carcinoma of the pancreas 

The disease affects superficial veins particular!) m the lower 
extremit) and often starts in the foot or at the ankle Oceasion-vll) 
It arises in the arms or trunk ITie affected vein ov er a length of 4 cm 
IS palpable as an indurated tender cord while the overlvmg skin is 
swoUen and infiamed After an acute phase lasting a few weeks tJie 
local process subsides though the rein remains occluded After an 
mterval which mav be as long as several months a similar episode 
occurs either close to the first or at a distance 

Axillary Thrombosis Primary thrombosis of the axillarv vein is a 
rare disease which generall) occurs m health) youngmen Itisusually 
a sequel to a minor injurv or to long continued occupational stresses 



AXEUJtTSSI 


22o 


particularly such as are sustained when the arm is fully alxliiclwl abo\ e 
the head. Wicre there is no history of strain the sun elling has usually 
been note<l on y\akening, and it is assumed that a constmmed position 
during sleep lias been a factor. 

It IS thought that the y cm may be damaged through being stretchetl , 
or it may be comiiresscd by the sub cla\ uis muscle, the costocoraooid 
membrane or yarious muscle slips, yyhtcli sometimes cross the floor of 
the axilla. Perhaps in some cases one of the saUes, yyliich are often 
found at this ley cl, is ruptured 

Thrombosis of the axillarj* \ein gi\es rise to \cnous obstruction in 
the limb yvith syyellmg, cyanosis and cle\otion of the yenous pressure 
Collateral channels dilate rapidly and are apparent under the skm or 
may be demonstrated bj’ mfra red photography. 

In due course the thrombus is organiz«l and cycntuallj it maj be 
partly recanalized 


ANEURYSM 

An ancurjsm has been defined as “a space or sac formed by the 
yyidening or extension of the lumen of an artery, and thus containing 
blood or clot.” It is cuslomarj to recognize true aneurysms, resulting 
from disease and bounded by the stretched out coats of the arterial 
yyall, ond false or traumatic aneurysms, resulting from puncture or 
rupture of tlie arterj, and bounded only b> condensed fibrous tissue 
deriyed from adjacent structures There is, hoyveyer, no essential 
difference in the morbid anatom> of the tyyo forms, for in true aneurysms 
of any considerable size the sac wall rarely contains any trace of the 
original coats of the artery . 

The predisposmg cause of an aneur>sm is vrenkenmg of the arterial 
yvall, especially of its middle coat of muscle and clastic fibres, yvhich 
stretches and cyentually gnes way under the pressure of the blood. 
High blood pressure is an important contributory cause, but is not a 
necessary one The weakening of the arterial yyall may result from 
dey elopmexital defects, disease or injury. Amongst diseases pre- 
disposing to aneurysm, syphilis stands foremost, because of its especial 
tendency to affect the middle arterial coat Simple atheroma and 
arteno sclerosis may be responsible in some yessels In some situations 
yreakening of the media results from a chronic pen arterial infection, 
as, for example, in arteries traycrsing tuberculous cayities or hrge 
peptic ulcers 

An aneurysm may be fusiform or saccular. In the saccular type 
the communication betyveen arteiy and aneurysm may be small and 
remain so, unless the aneurysmal sac communicates yvith large adjacent 
arterial trunks, such as at the root of the neck For this reason tJiere 
IS a great habibty to recurrence after proximal ligation of the mam 
trunk alone The interior of the aneurysm is rough and irregular, and 
on it consequently the blood tends to clot Wien coagulation occurs 
intermittently , there is a formation of lammsc of y anous ages, the older 
being pale and fibrous, the more recent red and jelly like 

Traumabc Aneurysm. Trauma may determine the onset of an 
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aneurj sm of a diseased arterj , but the tenn “ traumatic aneurj sni ” is 
restricted to those cases in which a health} arterv is affected TJie 
trauma is usualh from penetrating bullet or stab wounds, but 
occasional!} from puncture b\ a spicule of fractured bone Traumatic 
aneuivsm is apt to follow lateral or traversing wounds of arteries 
particularh when the wound is oblique and tlie entrance and exit 
wounds are small or vahmlar It never follows complete severance of 
an artery, an injur} whidi permits retraction of the muscular coat and 
closure of the arterial wound The arteries of the neck and extremities 
are commonlv affected especiallv the carotid axillar} and femoral 
The extravasated blood at first forms a simple hasmatoma m the 
pen arterial tissues but withm a short time it becomes circumscribed 
and surrounded b} fibrous tissue, which forms a recognizable sac, 
sometimes parti} Imed b} endothelium denv ed from tl e arteml intima 
Artcrio Venous Aneurjjm In about o 0 % of traumatic 
aneurvsms there is a coincident wound of the accompan}mg vein 
and this is followed immetliatcl} orsubsequentiv bv the establishment of 
a communication between the two vessels Usuallj the arterv and vein 
communicate direct!} orb> meansof a short wide channel (aneui} smal 
vanx) less often the anastomosis IS indirect tlitoughoninterveniiigsac 
]}ing in the soft tissues (varicose aneur}'sm) Such an intervening sac is 
often of irregular shape and verv tortuous and from tlie pressure of the 
blood within it is apt to enlarge progressivelv 

In the da}s of TcnesecUon arteno-Tcnous aneuiysms frequently 
occurred m the cubital fossa Nowadays they are usual!} due to 
penetratuig wounds Occasionally an arterio*venous aneur} sm occurs 
in the lotraeranul portion of the internal carotid artery following 
fracture of the base of the skull and gives rise to the condition of 
pulsating exophtlialmos {jee p 229) 

Arterio-venous aneui^-sms provide an interesting illustration of the 
adaptation of structure to function There is a great increase m the 
blo^ flow through the arter} proximal to the anastomosis and a great 
decrease in the blood flow through the arter} distal to it. Consequent]} 
the proximal part of the arter} dilates the distal part becomes con 
tracted The vem suddenly subjected to pressure greatly in excess 
of normal becomes greatly dilated and tortuous and since the pressure 
IS not sustained but rh}'thtnicali\ altematmg the wall of the vein 
undergoes hypertroph} and often attains the thickness of an arter} 
Proximall} , the dilatation ma} extend even as far as the vena cava and 
the heart (which is h}’pertrophied) distallj , it is checked temporari!} 
b} an} valve present m the vein but later it renders the valve incom 
petent and extends distall} If the communication is a laige one there 
ate important effects both on the general circulation and on the state 
of tlie extremity At the onset there is a sudden fall m blood pressure 
and a nse m pulse rate As arteml blood enters the venous svstem 
the venous pressure is great!} raised and consequently the cardiac 
output IS increased Later as the heart hypertrophies the S}-stohc blood 
pressure rises towards its former level but the diastolic pressure remains 
low If the fistula is occluded the heart beat is slowed and the pulse 
pressure falls sharp!} (brad} cardia reaction) 
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The chnnges in the c\trcniitics are mainly due to \ enous insufliciencv 
and arc similar to those followng thrombophlebitis — \nrices oxlema 
stasis pigmentation chronic induration cellulitis and ulceration In a 
joung subject the hmb ma> undergo an increase in length If the 
b) pass IS n large one gangrene of the cxtrcmit}. may occur as a result 
of isclixmia 

Congenital Arterio-Venous Fistula This rare abnormality is 
seen most often m an cxtrcmitj oecasionnll) within the cranium It 
mn> l>c associated uith angioma cither of the port wine or ca\crnous 
tj pe w ith neurofibromatosis or with other congenital defects 

Near!} alwajs in the aflected limb there are numerous fistulx so 
small as to render 
their identification 
impossible 

They maj affect 
the major acssels or 
minor ones in the 
muscles or in tlic 
fingers o^e^enwlth 
m the bones The 
increased aasculnr 
ity leads to general 
iz^ overgrowth of 
the limb a kind of 
local gigantism Tlie 
whole limb may be 
a/Tected or only a 
part for example tl e 
iinnd or even a 
single digit 6ener 
ally the disease is 
manifest in infanc) 
but it may appear 
first during adult 
life Its progress is 
usuaff) sfow but 
occasionally there js rapid increase iit size siinuluting a n ahgnnnt 
tumour At first the enlaigement affects principallj the soft tissues but 
later the bones are increased m length owing to increased \ asculanty 
of the metaphyses 

The superficial veins become obliterated and tortuous and very 
numerous The oxygen content of the venous blood approximates to 
thatofarterialblood Theskmishot and sweats readily Anaccidentnl 
wound even of small size may cause catastrophic ha?morrl age Some 
times extensive ulceration develops in the distal part of the extremitj 

Aneurysms at Special Sites 

Aneurysm of the Thoradc Aorta This is by far the commonest 
example of aneurysm It is of surgical interest principally from its 
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into anterior and middle ccrebril arteries, and the point of origin of the 
first large branch of the middle cerebral artery m the lateral fissure 
Less often an nncurj sm may arise at the origin of the ophtlialmic arterj , 
or at the origin of the anterior communicating artery The basilar and 
\ertcbral arteries arc seldom ntfcctcd 

Aneurj’sms of the basal cerebral arteries occur in quite y oung subjects 
and esen in childhood Arteriosclerosis and syphilis take no part in 
t!ieirde\elopment. Theadvenlitialand the miiscularcoat of the cerebral 
vessels arc poorly dcvclopctl, and local defects m the vessel walls are 



Flo 110 Aneurysms of the cerebral artenn Three aneurysms arc seen 
on the middle cerebral arteries and the antenor commumcattng arterj 
respectl^eIy Death resulted from hemorrhage from the anlenor 
axtfsuyxo 
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common, so that even with a normal blood pressure dilatation may 
occur 

An aneurysm of one of the cerebral arteries may produce no effects, 
but rupture, leading to subarachnoid htemorrhage, is relativ ely common 
Its occurrence in otherwise heolthy subjects under thirty years js well 
known Rupture may be fatal, but more often the e\tra\ asation is 
localized and associated with frontal headaclie and an incomplete 
paralysis of the oculo motor nerve ^^^len the extravasation is more 
w idespread the signs are those of cerebral hemorrhage, usually followed 
by cranial nerve palsies and focal cerebral signs In a few instances 
an aneury sm may reach a large size and produce effects similar to those 
of an intracranial tumour 

Aneurysm of the tnlracraniaf pari of the carotid artery as it trav erses 
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the casetnous sinus is fairly common, epeciallj m middle aged women 
It IS usually of saccular type and most often uivohes the anterior 
extremity of the vessel In rare cases the condition is bilateral The 
usual causes of arterial degeneration do not contribute to the formation 
of an aneuTj'Sm at this site 

The limitations of space n ithm the cavernous sinus and the proximity 
of the nerve trunks which it harbours in its lateral wall, account for the 
somewhat dramatic onset of synuploms and the sequence of paralytic 
phenomena The onset, more often abrupt than gradual, is attended 
bj bursting neuralgic pain over one side of the head and in the ej e, 
followed bj a varjing degree of ocular muscle paraljsis One or more 
of the branches of the semilunar ganglion — commonly the first and 
second — show pressure effects The initial explosive effects are usually 
followed by a gradual subsidence, but significant pressure phenomena 
persist In rare instances when there has been stripping of the dura 
mater from the middle fossa, there may be paresis of the facial ner^e 
or even pressure on the bram stem In established cases there may be 
deformation of the surroundmg bone, particularly of the sphenoidal 
boundaries of the orbital fissure, the optic foramen and the anterior 
clmoid process Concentric rmgs of calcification withm the aneurysm 
ore sometimes present 

Jfltreeramal Arimo-venoui Ftttula of the internal carotid artery 
wtthm the skull is due in most cases to injury, but it may arise spon 
taneoush from rupture of a simple aneurysm into the cai emous sinus 

A large proportion of fractures of the base of the skull imohe the 
body and the great wing of the sphenoid, so that it is not surprising 
that the carotid artery , which is relatively fixed in the cax emous sinus, 
IS sometimes injured On rare occasions the artery is injured by a 
traiersmg wound of the orbit Tlie wall of the artery may be torn 
at the time of the accident, or its coats so damaged tliat a communication 
with tlie sinus develops later The nertes m the cai'emous sinus may 
be damaged at the time of the accident or by pressure later 

The objecti^ e features of an arteno-venous aneury sm resemble those 
of a simple aneurysm, but, m addition, it is characteristic that the 
orbital and palpebral veins become dilated and “ arlerialized,” so that 
pulsation may be seen in them. The eyelids often become coarse, 
thick, and cyanotic. Pulsation and protrusion of the eyeball is often 
present — -pulsaUng exophthalmos The patient is usually conscious of a 
contmuous bruit which is very disturbing, especially at night There is 
usually a notable deterioration m general health 

HYPERTENSIOiV 

Tlie systolic blood pressure may be raised with no concomitant rise 
m the diastolic pressure, for example la aortic insufficiency or when 
the elasticity of the great blood vessels is diminished by arteriosclerosis 
Tlie terra hypertension is generally used, howeier, to describe the 
condition in which both the systoheand diastolic Ie\els ate raised, and 
indeed it is recognized that it is the diostohc blood pressure which is 
affected primarily and is of the greater significance 
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II}j>crtcnsion is due essenliallj to an increase m the resistance to 
the flow of blood at the periphery, particularl> in the smaller arterioles 
T%\o tjpes are recogniz^ The term secondary hypertension is applied 
>>herc the cause of the increaswl iienphcral resistance is manifest , the 
term primary or Msmtiof or tdiopoiAtc hypertension is used when the 
underlj mg cause is not apparent 

Secondary liypertension is seen most commonly in association with 
arteriosclerosis and didusc ghmenilo-^iephntts Less often the renal 
lesion IS of difierent tjT[>e, for example pjelo nephritis or polycjstic 
disease Secondat3 hj-pertension also occurs as a result of coarctation 
of the aorta and as a consequence of the hormonic disorders associated 
uithdiseasesof thepitmta^ and adrenal glands In the cases of tumours 
of adrenal medulla (phicochromocytoma) the hypertension is variable, 
lieing due to intermittent release of excessu c quantities of adrenalin 
A special form of secondary hj'pcrtension is due to unilateral kidney 
disease, for example pj clonephritis, hj dronephrosis or calculous disease 
In some such cases removal of the affected hidnej has led to cure or 
amelioration of the hjpcrtcnsion The mechanism of this process is 
considered belo%\ 

Primary or essential hypertension is now recognized as a ^erj 
common condition, and indeed it is claimed b> some >\otkcrs that as 
lai^e a proportion os 70%or 80%of all cases of ‘ raised blood pressure ” 
fall initially into this categorj Two tjq>cs of essential hypertension are 
recognized, the benign and the malignant Probably they arc not to l>e 
regarded as separate states, but rather os •variants of a single disease, 
their character depending on the age at onset and the rate of progress 
of the pathological process 

Benign hypertension os seen particularly in elderly persons, is of 
gradual onset and slow progress and comparatively mild m its clinical 
effects Wien recognized it is usually associated willi arteriosclerosis 
and chronic renal disease Formerly it was assumed that m this tyTie 
of case, the common ** high blood pressure ” of old people, the hy^ier 
tension v> as a secondary result of the organic renal and vascular changes 
The tendency at present, however, is to believe that the hyTiertension 
precedes and is the cause of these organic changes 'Malignant hyper 
tension, bv contrast, occurs mamly myoui\gcr subjects, even as early 
as the third decade, it follows a rapid course and it may proceed to a 
fatal issue within a few y ears or ev en witlun eighteen months from the 
onset of the symptoms 

Mhology of Essential Hypertension It is believed tiiat this form 
of hypertension is due primarily to widespread vasoconstriction, 
affecting particularly the peripheral arterioles and that the v’nso 
constriction is brought about initially by sympathetic stimulation It 
has long been recognized that in health a transitory hyTiertension 
occurs as a result of such emotional states os fear or excitement, or 
mental stress, and it seems probable that such stimuli when occurring 
in susceptible persons may gradually lead to permanent elevation of the 
blood pressure 

The importance of an inherent susceptibility is indicated by the 
fact that a family history is present in a considerable proportion of 
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cases Accordmg to Platt essential h\T>ertensioa is a hcreditan 
disorder conTejed as a mcndeban dominant with a rate of crpression 
of over 90 % 

The relation of renal disease to haTcrtension is now recognized to 
be of great importance It has been shown b\ Goldblatt that in animals 
hypertension occurs regularh if the blood supplj to the kidnes is 
reduced for example b\ apph mg a sil\ er clip to the renal arterj 
a series of mgenious experiments Goldblatt I as shown that this result 
IS due to the production of a substance — ^renm — whidi is formed m the 
ischrermc kldne^ It is bele^ed that renm produces its effect In 
actuatmg an angiospastic substance wbidi gives rise to spasm of the 
arterioles and thus causes widespread constriction of the penpheral 
cmnilatorv channels 

Goldblatt s experiments give a reads explanation of the occasional 
cases ui which hsTertension occurs as a complication of undatcral renal 
disease Some recent observations serse to indicate that thej ma\ be 
well of significance m relation to the wider problem of the causation of 
essential hj'perfension 

The mtra renal circulation Barclav, Trueta and their colleagues 
m expcrnnental observations on rabbits have sliown b\ means of 
radiographic studies and the injection of djes that Uiere arc within the 
kidnes two dislmcl pathwaj's for the flow of blood 

Blood entering the kidnej and reaching the interlobular arteries 
mav pass (o) b> the cortical route to the glomeruli of the cortex md 
then to the cortical mtertubular capiDarv net work or (h) b\ the 
meduUars route which passes through the juxta medullary glomeruli 
and then to the s'asa recta and direct to the interlobular seins 

By means of a shunt raechamsm the greater part or almost the whole 
of the blood entermg the kidnev mas be diverted along the mcdullarv 
route thus leaving the cortex ischaemic It appears that this shunt 
mechanism mav come mto operation whenever the total blood flow 
through the kidney is reduced, for example when the renal arteries are 
thrown into spasm by reflex nerve stimulation 

These observations mav be of significance m relation to essential 
hvpettension and it is an mteiesting tlioughxel unproved thesis that 
renm produced os a result of this shunt mechanism plavs an 
important part in the causation of this disease On this theorv , when 
the renal arteries are constricted as part of a generalized vasoconstriction 
brought about in the manner alreadv discussed the shunt mechanism 
comes mto p!aj and mduces ischaemia of the renal cortex whicli m turn 
gives rise to the production of renin and thus to persistence of the state 
of hypertension This vicious cycle can be broken by splanchnic 
section which abolishes the renal v aso-constnction reliev es the cortical 
ischjemia and cuts down the production of renm 

The Course of Essential Hypertension The progress of a case of 
essential hypertension can be div-ided into distinct phases In the eatlv 
stages the elevation of blood pressure is probabh not contmuous but 
mtennittent or at any rate variable and tians cut increases are brought 
about bv excitement or mental stress or phy sical exertion Later the 
diastolic pressure becomes persistenth elevated but at this stage it is 
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Iftbile and can be reduced to the normal bj sedation or bj the ndmmi 
stration of parasjTnpathetico mimetic drugs such as tetraethjl 
ammonium bromide At this stage prolonged relief or even permanent 
cure can be achieved bj splanchnic section 

If the lijpcrtcnsion is maintained for n longer period, organic 
cliangcs appear in the blood aessels the characteristic feature being 
a fibrinoid necrosis of the avails of the arterioles Tlicse changes can 
be demonstrated histologically after muscle biopsy, while their results 
arc recognizable bj examination of the eye grounds Thus eventually 
the peripheral vaso spasm gives place to organic narrowing and the 
hypertension becomes irreversible Life is usually cut short by cardiac 
failure or a cerebral v ascular accident 

TUMOURS OF BLOOD VESSELS , HAEMANGIOMA 

A liacmangioma is the commonest tumour of childhood It is 
often present at birth or becomes evident soon afterwards, and is rare 
in adult life except m the form of ruby spots m the shm of the abdomen 
and thorax (de Morgan’s spots) »t has been suggested they presage 
carcinoma — a v lew lacking corroboration 

Ilajinangiomala areoften muUipleand vary in size from a tiny red 
or purple speck m the skm to a tumour which co\ ers the vs hole face or 
1 hrge part of a limb The tumours most often involv e the skin but 
may be entirely subcutaneous Less commonly they are found m the 
liver, the lung, or m the mucous membranes of the mouth larynx or 
alimentary tract Rarely they arise in the bladder, the renal pelvis, 
and sometimes m the bones of the skull and the v ertebre Angiomatous 
tissue is a common constituent of teratoid tumours 

Tlie aitiology of htcmangioma Jias aroused considerable dispute 
The various stages m blood vessel development provide abundant 
opportunity for the production of anomalies, so that probably all tyT>es 
are not alike in their origin, and many examples formerly classed ns 
tumours are really developmental abnormalities Those met with in 
childhood are of congenital origin and are believed to develop from 
angioblastic tissue that has not established its normal connexion vv ith the 
circulatory channels The blood corpuscles v\ ithm the naivus must come 
from the general circulation , though the tumour does not hav e a close 
connexion with vessels of the adjiccnt tissues, it lias its own supporting 
vessels (evidenced by injection experiment) Others, such as the 
“ spider nievus are probably m many mstances due to localized 
dilatation of capillaries and therefore have a connexion with the v ascular 
system The familiar vascular telangiectasis seen on the legs or on the 
face is probably an exaggerated example of such a simple dilatation 
There are three chief histological ty^ies of hiemangioma (1) 
capillary , (2) compact and (3) cavernous This classification, though 
arbitrary, is preferable to the older ones which grouped tlie tumours 
either according to the position they occupied relative to tlic skin 
(cutaneous, subcutaneous, and mixed), or according to their colour 
(capillary, arterial and venous) 

A capillary hsemangioma may lake any of several different forms 
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It IS often present as a superficial blue or pink stauun" of the skm of tiie 
face— popularU fcrown as a raolbet s mart or port wine stain. Tne 
affected area ma*' be small, or it mar invoice almost the entire face, 
o* part of a Innb In other instances and especialhr in babies, the 
tumour appears as a hnght red sweflmg shghtls raaed above the 
surface of the stm- The tumour is usuallv small and circular and looks 
like a laspberrv, or it mav bare a linear outline "When the tumours 
are mtJtipIe thev mav roughlv conform to the distTibu*^i<Ki of one of the 
cutaneous 0*^65. 

Tlie “ spider rwvus ’ or n*vus arancus appears as an aggr^alion of 
dilated and tortuous capillaries on the Cice o' hands. This lyp^ is 
probably not a true tumour but irerelv a dilation of some of the 

cutaneous artcnoles. 
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Hereditary Hamor 

riiagic Telar^ectasis This condition described fully b\ tWre is 
charactetTzed br the derelopmcnt of multiple spider steUale 
or nodular telangrretases m th» skin and mucous membranes 
They are not present at birth, but appear nsuall' after the age of 
twentv years They affect any part Iwl particular!' the face mouth 
and nose. Hamotriiage mas occur from an\ site especially the nose 
The disease is transmitted and caiubited tr. both seaes as a Mendehan 
dominant, and thus half the members of a famil y are afTei-^ied Inafew 
mvtances cnrtKrtis of the J.yer mav coesist, as may cavernous telan 
giectasKof tliehing(«ep Zifi) 
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A compact hagma nguuna is beli^ed to be denved from a capHlarr 
hgmangHgna whose cells hare undergone massive prehfefatioo. It is 
usually s *u3ted m the subcutaneous tissues and e solid o- partly cvstic 
Tie skm is shghtlv raised and thmned over the tumour so that 
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it presents n bluish tinge 'Ihc tumour possesses a thm capsule, and on 
histological evnmination is found to consist of solid alveolar masses of 
round or cubical cells in which no truce of lumen is evident 

A cavernous hamangioma consists of n number of blood spaees 
Hindi intercommunicate Tlit. spongy netnork of the tumour occu- 
pies not only the skin itself, but the subcutaneous or submucous 
tissues A primitive type of endotliclmm lines the vascular channels 
The tumour is usually present at birth nnd has a dark red or purple 
colour and irregular surface , it is often present about the head and 
face, especially the lips and buccal cavity During the early months of 
life It may extend nnd infiltrate rapidly, and ulceration of its surface 
may lead to sev ere h'cmorrhage. 

A cavernous liTniangionia may arise primarily m bones, especially 
those of the skull, vshich may radiograplucally assume a honeycomb 
appearance 

Usually a ha.mnngioma is an 
innocent tumour, and it is cliarac 
tcristic of it that it tends to retro 
gress riiischangcisorteiiobscrved 
at the first dentition, at puberty, 
or after an acute illness Dut 
there arc instances m v\hich a 
hemangioma has assumed malig' 
nant characters and has giv en rise 
to metastAses in the lungs, with 
death from hxmorrhage or aniemta 

Cavernous Hsmangioma of the 
Lung A hxmangionia of the lung 
may be single or multiple When 
of the cavernous type it may result 
in an arterio v enous fistula, the 
condition is rather a localized dc 
V elopmental structural defect of 
the blood vessels, especially tJic^ems, than a true tumour It is usually 
associated with her^itary IiTmorrlngic telangiectasis 

In a typical example a considerable portion of a Jobe of the Jung is 
replaced by a sacculated venous network into part of which enters the 
greatly dilated and thm walled lobar artery \Vlien inspected at 
operation the lobe shows expansile pulsation vvhicli persists on a 
reduced scale ev en after the lobar artery is ligated Tlie pulmonary 
vein dnmmg the lobe is hugely dilated 

The arterio venous fistula is responsible for characteristic cardio 
respiratory and other changes, the cliief of which are cyanosis, dyspnea 
and polycyth-cmia Death may occur from haimorrhage 

Malignant Hsemangioblastoma (hsmangio*endothelioma) Some 
times a haimangioma presents malignant features from the outset 
Sucli a tumour may assume large proportions and metastasize by botli 
the lymph and blood vessels It has developed most often in the liver 
(which may be cirrhotic) the spleen, the lungs, and the retroperitoneal 
tissues. 
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Arienal Angtoma Cirsotd or Racemose Anctrrj'Sm. Tl is rare con 
ditionmas arise minfanev or m adult life It consists of an overgrovrth of 
small artenes which are intertwined in racemose fashion The arteries 
pulsate v>sibl% gmng an appearance likened bv Ybchow to a pulsating 
of earthworms The reins and capillaries roar be increased in 
number Probabh the condition is due not to tumour formation but 
a local deiclopmental abnormaht\ of the vessels 

In the great majontr of cases a einoid aneurvsm affects the side of 
the scalp and it tends to spread over the liead and also to the upper 
part of tie neck. The great rasculantv of the growth mduces decalcifi 
cation of the skull and mar erentuallv perforate it 


\ASCULAR OBLITERATIVE DISEASES 

The blood vessels of the extremities mai undergo gradual obJitera 
tion as a result of organic diseases such as arteriosclerosis atheroma 
and thromfco-angtitis obliterans thev mai be occluded suddenlv bv 
embolism or thrombosis or thev ma\ undergo reeurrent constriction in 
such vascspastic disorders as Ilavoauds disease. The pathological 
foundation of these occlusions are of profound sigoiRcanee in the 
differentiation of tl e vascubr disorders of the limbs 

The effects of circulators arrest mav be studied m patients snffenng 
from artenal disease or more cooveoienU^ in normal subjects aDes 
the eppl cation of a tourniquet or an inffatable cuff to tbe limb In the 
latter Geld particularlv the work of Lewis and his colleagues stands 
pre-emment 

Discoloraton of the Skin TTben an inflatable cuff is applied and 
tbe pr es sur e raised above the svsloltc blood pressure the Errt objective 
change is m the colour of the skin which Grst becomes dealhlv pale 
then congested and evanolic and finallv mottled. 

The eath pallor is due to draimng of the blood from the skin capO 
lanes mlo the more deeplv placed veins as can be shown b\ microscopic 
examination of the naS beds 

The congestion and cvanosis appear wilhm a few minutes and 
gradually deepen. Thev are due to r^ ur g i tation of the blood now 
deprived of its oxvgen content, into the superficial capillanes which 
hare undergone dilatation as a result of the direct action on their Immgr 
endothelium of vasodHator products of metabolism pent up m the 
adjoming tissue spaces. 

Th*" mottling of the skm is an interesting but unexplained pheno- 
menon, which comes on graduallv and IS persistent It consists of white 
areas Bier s spots with intervening zones of ci anosis and is to be 
regarded as due to local v ascolar constrictions of unknown origin. 

Temperature of the Limb Clinical records often suggest that m 
a sudden vascular occlusion the limb rapidlv becomes stone-cold,” 
It is obvious, however that the loss of Iie*»t most be a gradual process 
and Lewis s observations indicate that a considerable time elapses 
before the limb reaches room temperature Cooling takes place most 
rap dh m the distal part of the extremitv and the tips of tbe fingers 
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approximate to room temperature m about half an hour The proximal 
part of the hmb takes se\cral hours to cool to this extent 

Effect on Nerves The ner\cs of the hmb lose their function with 
some rapidit) under iseh-cmic conditions IVithin 35 minutes of a 
complete circulatorj arrest there is numbness at the finger tips, and 
from this time on there is n gradual spread of sensorj and motor 
parabsis up the hmb The paralysis is a temporary one however, 
and recovers within a few minutes after release of the tourniquet, 
though there may be some persistent weakness from direct pressure 
upon the nerv es 

Effect on Muscles If the muscles of the isclixmic hmb are con 
Iracted v igorously , sev ere pam is caused, ow mg, it is thought, to 
accumulation vMthm the muscle of the products of activity which 
should normally be earned away m the venous blood The pam is 
of cramp like character, a diffuse, continuous ache, felt lu the muscles 
themselves, and very severe It disappears rapidly after release of the 
tourniquet This pam is similar in character to the pain of intermittent 
claudication seen in many cases of vascular obliteration, eg , m arterio 
sclerosis The pam comes on early m complete arlernl obstruction, 
more slowly if the blockage is incomplete, and it thus forms a reliable 
index to the extent of the disease 

Effect on Collateral Circulation If the main artery to a hmb is 
obstructed, the fate of the hmb depends upon the extent to winch the 
collateral circulation can be developed The development of a collateral 
circulation is not so simple a process os might be imagined The older 
view that the blood denied entrance to the mam artery, forced its way 
under an increased pressure along smaller channels, is no longer tenable 
Indeed, the pressure proximal to the block is not increased but, on the 
contrary, lowered, with the result that the lumen of the artery between 
the block and the nearest collateral vessel proximally becomes reduced 

It seems likely that the immediate stimulus to the formation of a 
collateral circulation is the result of low cred pressure w itlun the ischaimic 
territory In addition the vessels within tJic iscliTmic territory become 
dilated as a result of the accumulation of v asodilntor metabolites from 
the tissues resulting m a diminished resistance to the blood flow along 
Alie ,nhwnwf*J> IRvr wyisals auula^ jtUlpJtPvtvno Aud 

compensatory hypertrophv, and the blood flow to the extremity may 
finallv be restored to its normal volume 

The extent of the collateral circulation, and the rapidity wath which 
it can be opened, depend upon a number of factors, and especially upon 
the character of the obstructing agent and upon the condition of health 
of the collateral channels If tlie obstructing agent is a simple ligature, 
the mmimum amount of clotting occurs m the v essel proximal and distal 
to it, and all available collaterals can be utilized On the other hand, if 
the obstruction is caused by thrombosis in an arteriosclerotic artery, or 
even by an embolus, it is sometimes found that several collateral 
cliannels are obstructed owing to spread of thrombosis within the mam 
artery The condition of the collateral channels has an obvious 
importance , if healthy, they undeigo considerable dilatation under 
the influence of the v osodilatmr products, whereas if diseased they may 
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be <juite incapable of dilatation Tlicestunation of tliese iwtoitialities is 
of outstanding unportanee in the treatment of disorders of the circulation 

Tests of Vascular ObUteration In severe cases the presence of 
vascular impainnent is obvious Tbe limb is generallv colder tlian its 
fellow, pale or cvanobc , the pulse is dimmisbed or absent , the vessels 
mav be palpablv thickened , signs of gangrene mav be cMdent 

Fo* less marked cases, and in order to estimate the degree of 
impairment, the foDowmg tests ma' be earned out — 

(1) Pulsciion of Pfnpheral Vtftls In the lower limbs pulsabon 
mav nonnallv be felt m the femoTal arterv at and below the groin m 
the popliteal arters, m the posterior bbisl arterv bebmd the medial 
malleolus and in the dorsalis pedis arterv at the ankle In vascular 
disease pulsabon is lost m the teserse order \bsence of pulsation 
does not necessarilv sigmfv that the ves<el is obliterated , there mai 
be a continuous flow of blood, non pnlsatile due to blocking of the 
mam vessel prtmmaDv In borderline cases pulsation mav return if 
the penpberal vessels are dilated bv warmth , this mav be effecleil b\ 
waimmg tl« limb, or, better, b\ appl'ang heat to the trunk so as to 
warm the arterial blood going to the limb , pulsation ma\ also return 
during pvrexia. 

To test for th^ presence of pulsabon m a doubtful case an csdDometer 
mav be used. Tt^ is a cuff applied to the part to be tested, inflated 
and connected with an aneroid manometer or a special instrument. 
Oscillabons simQar to those observed during blood p'Tssure estmutioos 
are demonstrated, and mai be recorded graphical!} 

(2) 5ihrt Temperature TetU The skm of the affected limb should 
be compared with its feQow (a) as the two limbs he in bed , (h) after 
e a pos u re for a few mmutes to the cold air , (c) after immersion for a 
few mmutes m water at bodv temperature The skin temperature mai 
be gauged with fair accuraev bv touch, preferably usmg the back of 
the fingers or special skm thermometers or thermo-electnc couples 
mav be used for euct records In a bmb of impaireti vasculanti the 
temperature is normal when the hrab t> protected bi liedclolhes, 
but cools more rapidlv on exposure and warms Jess ran dly when heated 

(3) ^e-vtion of the Ltrab If the two Lmbs, thoroi^blv warmed to 
eliminate spasmodic vasoconstnction, are raised aboie the level of the 
bodi, sav to 43 degrees, the hmb with dmiimsbed lasculanti becomes 
dealhh pale. For purposes of comparison, the lei el at whieli this sign 
develops mai be recorded. 

(4) TetU of Vcsodtlatation Normallv all the vessels of a limb are 
m a state of tonic vasoconstnebon. IThen the mam vessels are 
oblrtCTated bi disease, the nutnbon of the evtreimlv depends upon the 
degree to which the collateral vessels can dilate If the collateral 
vessels are healthv, improvement may be effected if the vasomotor 
control can be abolished bv paialvsmg the svmpatbebc mnoration , 
if, on the olhCT hand, thev are diseased, httJe or no improvement can 
be eapected 

To assess the benefit to be expec^ted &om sympathetic denervabon 
the vasomotor control mav be abolished temporaiilv m the upper hmb 
by anesthetizing the ccmco-dorsal ^vapathebc trunk with novocain. 
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or m the lower limb bj inducing spinal aiiTsthcsm The skm tempera 
hire of the e\trcmit> is estimated ntciiratclj before, and at intervals 
afterwards, and the response noted If the eollatcral ^ essels arc capable 
of dilatation, the skin temperature rises abruptly, perhaps to within n 
few degrees of blood tcm|>cratMre , if they are diseasctl, the rise is 
slow cr and incomplete 

In a tjpical case, at room tempcniturc 15® C , the skin temperature 
of the extremity maj be about 18* C If the collateral circulation is 
health}, after mdiiclion of the anastliesia the temperature may rise to 
SO* to 34° C , if diseased to 25* C or so 

Anotlier method, applicable to either upper or lower limbs is to 
abolish vasomotor control b} raising the temperature of the blood 
going to the limb This may be effected b> heating the trunk in a heat 
cage, or b% immersing one of the limbs not being tested m hot water 

ARTERIAL DEGENERATIOXS 

The nature, incidence and supposed causes of the various forms 
of arterial degeneration arc adequate!} trcatci! in most text liooks 
of mcdicme and of general patholog}, and here it will onl} be 
necessarv to describe those aspects of surgical interest 
It may be recalled that the various 
degenerations arc of common occurrence in 
the male sex after the age of lift} orsixt} 
years, and that when the} occur at an earlier 
age tlic} aregenorall} associaleil with some 
specific cause such as syphilis, diabetes 
nephritis, alcoholism or plumbism Further 
more, it ma} be mentioned that at least 
three fairly distinct t}'pcs of degcncnlion 
are recognized (1) Athtroma, n patchy 
disease pnncipall} affecting the aorta, the 
coronary and cerebral vessels, and charve 
terized by fatt} and fibrous changes m the 
deeper parts of the mtinia, wth loss of 
aiiu? ifirniy' sWiCtfimig' auu’ 
the formation of “ ulcerated ” plaques 
(2) Artenoscleroiis, a widespread affection 
characterized by more or less generalized 
increase of the fibrous tissue elements of 
the arterial wall (3) Annular calciJkaUon 
(M6nck.eberg’s sclerosis), characterized by 
fibrosis and calcification of the middle coat 
of medium sized and smaller vessels 

Th= various fonus of artenal degencra- 
tion are of especial interest for the surgeon, artery 
for by narrowing the peripheral vessels and {Buemnui/ofPTof j w s jsuuHod:) 
interfering with their elasticity these 

diseases cause progressive impairment of the blood supply, and 
ultimately may lead to gangrene In subjects otherwise healthy the 
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circuLition nia% becOT:e much diousisbcd, sufSce to maintain the 
vitality of the part, and con«eqaaitly gangrene rarely supervenes 
before the age of sixty five or seveity 5 eats (senile gangrene) In 
subjects affected by diabetes, on the other hand, the presence of the 
poisonous products of faulty metabolisixi greatly reduces the vitality of 
the tissues and lesens th«r resistance to infection, and consequenlh 
^ngrene occurs at a somewhat earho- age (diabetic gangrene) 

Senile Gangrene. This condition affects males far more frequently 
than females, and it is tmeommoQ before the age of sixty -five years. 
The gangrene is generally preceded by premonitory ind 4 calions of the 
faiLng vascularity of the part, such as numbness, tingling, cold, and 
sev ere cramp-like pains The great toe rs most commonly the part first 
affected, especially on the dorsum, close to the nail. Often the onset 
of the gangrene IS determined by sbght trauma or by mild infection, 
such as mav follow the removal of s corn. 

The sVan of the toe at first is dead white ; later it becomes dis- 
coloured bv altered b’ood pigment, and, finally, it becomes black, 
shrunk and mummified Smee the reduction of vasculanty occurs 
slowly , there is no Gooding of the part with venous blood and no sudden 
stagnatioT of llnid m the tissues- Consequently the part usually 
remains d’v — at least, near the stm surface — and htt le, if at aD, infected. 

The disease prog'esses very slowly and, mdeed, may remain with 
httle change for a period of months Later the other toes may be 
involved, and eventually the remamder of the foot. At any time the 
access of infection may l^d to great mcrease in the rapidity of spread. 
If the b'ood *upply to the rone bordenng on the gangrenous port be 
adequate an inflaitmtatoiy reaction may occur, and ultimately result m 
a line of danarcatioa. After a very long period the gangrenous part 
may be «hed, and smee the blood supply to the muscles and bones is 
more liberal than to the skin, the resulting stomp is couicaL 

Dsabebc Gangrene. This condition is more properly termed 
“ artenosclerotic gangrene occur ni^ m diabetic subjects,” for it is due 
prinianlv to sclerotic changes m the vessels, though the progress is 
accelerated and aggravated by the imderlying dsease. 

D.abetic gangrene is commonest m male subjects, and it is rare 
before the age of fifty years, lake scm> gangrene, it b^ins almost 
mvanablv m the foot, especially m the neighbourhood of one of the 
toe-nail*. The toxic products of faulty fat metabolism, which are 
responsible for many of the ge n er a l effects of diabetes, precipitate its 
onset even before the arteriosclerotic change is far advanced. Jlore- 
over, the toxic products nnpatr the resistance of the tissues to infection 
ard diminish the general vitalrty of the patient, so that rap'd exteision 
to the foot complicated bs infection is usual. 

Embobc Gangrene. This form of gangrwie is not common, but 
It is of particular importance because a timelv removal cf the obstruct 
irg embolus from the affected vessel may restore the circulation. 
Sligrating emboli usually take the form of a parth organized clot which 
has developed usually m the left aunde as a result of circulatory stasis 
in the cour«e of a deccmpeisated heart IcsHin ; less often it anses from 
the surfaces of an atheromatous nleo'in the aorta It has occurred as 
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a rnre post oi*crati\e comphciUou m stout subjects It is the large 
arterial trunks, such as the bifumation of the aorta, the ihae, the femoral 
and brachial arteries, •nliich entrap the embolus The femoral artery is 
bj far tlic commonest site (54%) The embolus is arrested ’\\ here an 
arter} narrows, its point of bifurcation, and usually it straddles it 
Arrest of the circulation leads at once to se\ere pam from ischaemia, 
pallor folloncd bj hvidity, and, after a variable internal, gangrene 
at a lei cl depending on the site of \ oscular occlusion The advent of 
gangrene is the outcome not of the local vascular obstruction hut of 
vascular spasm and progressive intravascular clotting extending distally 
from the embolus 

RAYNAUD'S AND ALLIED DISEASES 

In 1862 Maurice Rajnaud described a number of cases of obscure 
rctiologj , in which the most prominent features w ere intermittent pallor 
and c} onosis of the extremities precipitated b^ cold It is non recog 
iiizcd that tins syndrome, generally described ns the liaynaud pheno 
menon is not attributable to a single disensc, but may occur under the 
follovTing conditions — 

(1) In hcalthj persons subjcctwl to extreme cold long enough to 
Jon cr the bo<lj lempenture bj several degrees 

(2) In sufferers from so callevl heredilanj cold fingers a familial 
disease affecting cither sex and generally originating m childhood 

(8) III workers using vibrating tools eg, pneumatic drills and 
nv eters 

(4) In the incipient stages of degenerative vsscular diseases, such 
as thrombo angeitis obliterans, orleriosclerosis etc and of sclero 
dacty ly 

(5) Idiopathically 

The term Jiaynauds disease is best restricted to the idiopathic 
form Tins is a rare affection, vyJuch occurs almost exclusively in 
women appearing first between the ages of twenty and forty years 
It affects the fingers and hands and sometimes, though usually less 
severely, the feet as well , xhe nose and ears are not affected The 
attacks, which are nearfy afways symmetneaf are precipitafecf 6y 
exposure to cold (say, 18° C), but in about half the cases emotional 
disturbance may be responsible The colour change in the skin is a 
dusky blueness starting in the finger tips and associated with numbness 
and pain, followed usually by a waxy pallor if the stimulus persists 
warming of the part terminates the attack and the skin assumes a 
lobster red colour, which gradually fades No bleeding follows a prick 
of the finger during an attack Between attacks the skin is usually 
normal Without treatment the condition may progress and culminate 
m superficial ulcerations or even in rare instances gangrene of the skm, 
especially of the little and ring fingers 

The Eetiological factors are not yet understood That emotional dis 
turbance may precipitate attacks suggests that an endocrine or centrally 
originating vasomotor influence may be rwponsible for the peripheral 
\ aso constriction, but against this supposibon is the observation that 
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regnal “ nerve blocL ” will not abort an attacL in prepress and that 
sympathetic denervation does not «itirclv abohsh their repebtiom 
Lewis’s detailed studies afford strong evidence that the colour changes 
are due to obstruction in inedium-<ized arteries, due to an unexplained 
fault in vasomotor tone — an unusual susceptibnity o*" th» vessel 

walls to cold Only in the advanced stages there any obliteration 
of the smaller vessels. 

^mcjanojiaresemb’esltavnaiitlsdiseasc escept that the blanchii^ 
phenomena are ab^oit Dunng the attacks, which follow exposure to 
cold, there is usuallv dinunisfaed sensTjUitv or even anasthesj within 
the affected area of <Lin. Pam is absent duneg the attack, but it tnav 
be severe and burning m character as it passes The hand assumes a 
Tcnnilion red colourat the Icrmtnabon of an attack. Trophic ulceration 
of the 'km raav occur m progressive cases 

EryOifoeyanonx fngida (known also as Batin’s disease) affects 
voung wemen whose legs are unusually fat and thick In winter the 
skin of the lower part of the of the calves and the ankle region 

becomes the seat of duskv reddish purple indurated patches The 
malady is bilateral, wo’se usuallv on one side than tbe otbw , and m 
'were cases the skin over the discoloured patches breaks down, leaving 
indolent shallow ulcers 

Part of lb* swelling of the legs is due to oy ergrowth of sabeotaneous 
Cat and areolar tissue It mav be particularly excessive m tb» fonn of 
pads about tbe lateral malleolus The presoce of gunt-cell formations 
m tbe tissue removed &om tbe leg ulcers led to the suppositMxi that 
tuberculosis might be an underlvmg cause More tikelv the giant ceQs 
are of tbe foreign bodv tvpe associated with the cecratte process 


THROMBO-AhCEmS OBLITERAhS 

This disease was first described, under the title endarteritis obliterans, 
bv r ITiiuwartcrm 18“9, but it hasonJy received wid<*spread recognition 
since Bue rg er in 1908 drew attention to its characterertic features and 
gay e it the came it now bears 

Thiombo-angeitis obbterans is a of arteries and veins In 

tbe majo’i'v of cases it aErets the vessels of the lower ttmh but 
sometimes it lavolres those o*’ the forearm, and, exceptionallv, the 
testicnlar and otb^r vessels It is characterized bv low-gred* 
inflammatorv changes in the vessel walls with thrombosis in the lumen 
and much fiimsis m the perivascular tissues, and it takes a progressive 
conrre which mav culminate in gangrene of the affected ertremi^v The 
vessels of the oppOiile limb may be involved suhsequentlv, sometimes 
after the lapse of several 3 ears. 

Unlike roost othe- forms of vascular disease, thrombo-angeitis 
oblitMunv begins before the ag- of fifty vears, and ftequentlr it 
occurs between th'' ages of twoitv and fortv rears It is almost 
certamlv limited to males 

The cause of the disease is nidmown. There is no danonstrable 
relation to syphilis, tuberculosis, artaiosclerosis, or other disease 
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TJjc pathological changes arc tliose of a Ion {fradc inflamniaton process, 
and it has been presumed that the cause is some form of infection or 
toaiemia The a aluable therapeutic result achica ed in early cases by 
sympathectomy suggests that nrtenospasm of nenous origin may 
be o factor m its causation It is ticll recognized that such spasm if 
long continued may lend to matVed organic changes m the \ cssel wall. 

In the aOcctcd region the most striking pathological clinnge is 
pcrnascular fibrosis, and tins may lie so evtensive os to bind the artery 
yy ith Its y cm and any accompany mg nerves m a dense cortl of cicatricial 
tissue, from yyhich they can only be dissected yvith^ difficulty. The 



1 ID III Thrombo nngcitis obliterans Tlic liinirn of 
the nrtco occupicil by orgniiizctl thrombus 
>^hich Ins been rcranalized 

^Dtparl luni of ratholojy Cmmutj of Gatgoir ) 

artery yyhen cut across is seen to be contracted, the yyall greatly 
thickenetl, and the limicn narrotyed or quite obliterated 

SlicrosoopicaUy , there is an infiltration of all the coats of the vessels 
b\ lymphocytes and plasma cells The intima is Someyyhat thickened 
by proliferation of its endothelial cells, and the muscle fibres of the 
media are atrophied, but the greatest change is seen in the adventitia, 
yyhich IS extensiyely infiltrated by fibrous tissue The internal elastic 
lamma is not destroyed as in atheroma, but is thickened and sometimes 
duplicated 

The lumen of the vessel is occupied in whole or in part by a thrombus, 
which in old standing cases is organized and fibrous Sometimes 
the thrombus contains accumulations of round cells yvith occasional 
giant cells of the foreign body type CanaUzation of the thrombus 
occurs as m other forms of introa oscular dotting The neyv channel may 
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be visible as an irr-gular, ceitiaHv placed lumen, but it is never of large 
size, and since the fib’osis around prevents dilatation it does not suffice 
to maintain the nutrition of the part 

Thrombo-angeitts obh*erans u a slowU progressive disease Usual!) 
it appears fird m the mam vessels of tl c foot and leg especialli m the 
dorsalis pedis arterv and m the distal portions of the antericr and 
posteno* tibial arteries, La*er it tend* to spread proximalls and mav 
mvolve the popliteal arterv and even the femoral and iliac vessels. 
The distribirtion of the disease is not uniform but patchr, and a vessel 
diseased over a length of a few centimetres mav be unaffected m the 
rest of its coin^e 

Since the disease is at first confined pnncipallv to the larger blood 
vessels and is of slow pn^ress, a collateral circulation usuallv develops 
q.fnctentlv to mamtam, though imperfeetlv, the nutrition of the limb, 
but evcn*i.allv as the obliteratnc proce ss extends and especiallv when 
the popliteal arterv is occluded, the collateral circulation proves 
made<iuate and gangrene results The gangrene is usuallv of the drv 
tvpe, and remaim confined for long to one or more of the toes 

Gangren^.although the final result, is b% no means tbemost distressmg 
one Fo* a long time ^fore this stage is reached, nnporensLment of 
the blood supplv and mvolveoient of nerves in the penvaseuJar fibrosis 
give nse to recurrent or continuous paizu Ischaemia of the muscles 
causes parozvsmal ernmp4ihe pains after even gentle exercise Im 
paired nutrition of the tissues, and iDVoIvement of au*oDorme nerves, 
lead to coldness, blueness or edema of the extrcmiti and to painful 
superficial ulcers about the toenaQ* Phlebitis of superficial veins adds 
to th" discomfort EventcaHv pam mav be so great as m itself to jnstif) 
amputation. 

VARICOSE \'EI>‘S 

Dilated and varicose veins occur mtst frequentlv in the lower 
limbs, m the anal canal (lusoiorrhoids), and m the spermatic cord 
(vancocele) but la various conditions of disease lhe\ mav occur in 
man\ other parts of the Ixxlv In th** situations mentioned the 
s-anco<ities depend upon several rebted factors, wluch vr3I be con 
stdered in more detad below In other situations ^•a^cosIt^ is almost 
mvanablv the result of obstruction to the normal venous fiow — for 
example, the varicosities at Oie lower end of Die cesophagus and cLe- 
wheze m ciiThQs.s of the liver, those of the superficial abdominal vems 
m thrombosi* of the mfeno^ vena cava, and these of the superficial 
thoracic and cervical vems in obstruction of the superior vena cava. 
One exception to this general slatonrol is the vancositv which follows 
establishment of an arteno-senou* aneurvsm, in which th^ dilatation 
of the vein is du^ to th'" intensifed pressure from the inflow of arterial 
blood (#re p *^C) 


\ ancose ^ ems m the Lower 

Varicose veins la the lower Imsb affect adults at am ag», and thes 
are espeoaDv common between the ages of twentv and fort) scats 



^AmcosE Tms 


24 T 

Thc\ancositj maj affect an> of the superficial ■veuis of the lower limb 
and not uncommonlj the condition is biKtcml The mam tnmk and 
principal tributaries of the great saphenous arc the aems most fre- 
quentlj affected Sometimes only a short segment of a single a cm is 
noticcablj dilated, but more often the dilatation is i\ulesprcad and may 
affect every subcutaneous vein in the limb to a greater or less extent 
In some subjects, cspeciallj stout elderly females, innumerable cutaneous 
venules participate in the dilatation 

From the ictiological standpoint two distinct t> pcs of v aricose v ems 
may be rccogmzeil Of these the second tj pc is the commoner and the 
more important 

(1) In the first tjpe the cause is some organic obstruction to the 
venous return flov\, sucli as maj result from the pressure of an intra 
abdominal tumour or fluid collection or from extcnsiv e thrombosis in 
the mam venous trunks Post operative thrombosis (phlegmasia alba 
dolens) and thrombophlebitis complicating such infections ns pneumonia 
and tjphoid fever, arc examiiles of sucli organic obstruction, and they 
notoriouslj give rise to verj extreme forms of varicosity It seems 
probable that the varicosities that occur so often during pregnancy 
belong to this class and result from pressure of the enlarged uterus on 
the pelvic veins The special practical importance of this tjpc lies m 
the neccssitj for recognizing the fulihtj of local treatment unless, or 
until, the primarj cause be overcome 

(2) In tne second, the more common tj pc, no organic obstruction 
is present This is the form so common in >oung adults It affects 
males more often than females and a familial incidence ma) be dis 
cemible Ironi the letiological standpoint this type is of especial 
interest, for it is apt to occur in two totally distinct classes of subject, 
namelj, m hyposthenic subjects of sedentoiy occupation, and m 
athletes 

The cause of v aricose v ems of this type is gcncmlly assumed to be 
related to some congenital vieakncss in the vessel ivall or supporting 
tissues, viluch ma^ be accompanied b>, or lead to, a deficiency of the 
valves The valvnilar incompetence thus produced subjects the veins 
to an increased pressure from within, and, in the upright position, to 
the u eight of on extended column of blood rcaclung as far as the heart 
In addition to such hypothetical developmental vieakness however, 
there are probablj other causative factors, which are related to the 
general structure and eflicicncj of the venous sjstem 

In this connexion ^>ood Jones has drawn attention to several 
features m the anatomy of the venous pathway which deserve more 
general recognition "N enous blood, unlike arterial blood has no vts a 
iergo from the heart beat, nor have the veins more than slight intrinsic 
pulsatile contractibihtj and consequently, m the lov\er limbs, where 
gravity increases the difficultj of the venous return, the blood flow 
depends principally upon the contractions of the skeletal muscles 

^ow, in so far as the decplj situated veins are concerned the 
anatomical disposition is such as to assist this propelling action on the 
part of the muscles The deep veins of the leg form multiple channels, 
irregular and variable v enie comites, buned deep m the muscle masses 
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and necessarily compressed by every muscular contraction At the 
flexure of the joint these se\er^ channds com erge upon a single large 
vessel, the iiophteal ^ein, and this vem is furnished with two or three 
bicuspid valves, which effectuallj prevent regurgitation of blood when 
the muscles relax A somewhat similar disposition obtains m the thigh 

The superficial ^ eins, on the other hand, he unsupported m loose 
subcutaneous tissue, and in normal circumstances are merely subsidiary 
Between the superficial and deep sjstems, however, are several com 
municating channels, notably at the saphenous opening and at the 
popliteal space, and in conditions m which the pressure in the deep 
veins IS rused these communicating channels transmit the excess blood 
to the superficial sjstem, which thus becomes a temporarj receptacle 
for the excess blood 

In sedentarj persons grav itation effects a passive v enous congestion 
of the whole limb The deep veins being surrounded by muscles are 
well supported, and transmit the increased pressure to the superficial 
veins, and these, being unsupported, dilate In athletes, on the other 
hand, there is an active venous congestion, following the increased 
vasculantj of the contracting muscles Jloreover, in athletes the 
muscle contractions, being sustained rather than intermittent, have no 
pump like action, but, on the conlrarj, tend to obstruct tlie deeply 
placed vems, and thus the blood is diverted superficial]) 

The effects of varicose vems (of whatever cause) are characteristic. 
The vems dilate increase u length and become tortuous and often 
sacculated The vessel wall bemmes thickened by fibrosis and its 
muscle fibres atrophj, with the result that the vessel when cut or 
ruptured gapes widel) , permittmg free and sometimes fatal hsmorrliage 
Adjacent portions of a tortuous vem niaj become bound together b) 
fibrous tissue and are often closely adherent to the skin, wind) itself 
ultimately undergoes atrophic changes 

Stasis of blood m the vems and congestion m the perivascular 
tissues lead to the deposition of hicmosiderin, and when the veins lie 
close to the surface, as on the medial surface of the leg, the skm may 
become deeply pigmented 

Irritation b) the pigment, combmed with diminished vitality of the 
tissues from congestion, and often assisted by the effects of dirt and 
infection, ma) lead to dermatitis m this region, and later to the forma 
tion of an ulcer, which is slow to heal and v erj apt to recur 

In addition, varicose v einsare v ery liable to thrombosis and phlebitis, 
which may follow injury or may arise m the absence of an> demonstrable 
cause Thrombosis may subsequently lead to the formation of small 
calcified nodules (phleboliths) m the obliterating thrombus 


Haemorrhoids 

Internal hsmorrlioids result from dilatation and varicosity of the 
superficial veins of the anal canal These vessels, which are anastomising 
channeb between tributaries of the superior and mferior hemorrhoidal 
vems, lie m the submucous tissue superficial to the sphincter muscles, 
and being ill supported the) readily dilate 
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In the great majoritj of eases the essential factor m the production 
of hemorrhoids is chronic constipation The presence of large scybalous 
masses in the rectum induces a degree of \ enoiis stasis, and this is greatly 
aggravated by prolonged straining at stool It seems probable that in 
some subjects there is a weakness of the vessel walls, which predisposes 
to the dilatation Occasionallv h'cmorrhoids arise as a result of obstruc 
tion to the portal blood flow, for example, in cirrhosis of the liver 
H'cmorrhoids are of common occurrence in pregnanev, from pressure 
of the enlarging uterus upon the superior hajmoirhoidal vein It is 
important to recognize also that they mav result from tlic pressure of 
a tumour withm the rectum, and may proude the first indication of 
such disease 

Full} developed hicmorrhoids form dark purplish polypoidal masses 
which project into the anal canal Most commonly three large hiemor- 
rhoidal masses are present, one situated anteriorly and the other tvro 
on the posterolateral aspects of the canal, and in addition there are 
usually several smaller masses The masses tend to protrude at the 
anus, usually onlv during prolonged slrauung at stool, but sometimes 
upon the slightest exertion Even when small they may bleed freely 
and mav even give rise to a severe degree of secondary amemia Infec 
tion may occur, especially if the masses remain protruded at the anus 
Infection commonly leads to thrombosis within the hxmorrhoidal v cm 
and sometimes to ulceration or necrosis of the pile Rarely such 
infection has been known to lead to pylephlebitis 

External lucmorrhoids result from dilatation and varicosity of 
anastomosing v cins situated deep to the peri anal skin Commonly they 
give rise to small firm piles or skm tags Occasionally the vein ruptures 
as a result of sudden straining at stool and the cxtravasaled blood clots, 
forming an exceedmgly painful ** thrombosed pile " 

Vancocele 

This IS a V aricosc condition of the v eins of the pampiniform plexus 
It occurs in voung men and is almost always confined to the left side 
Little IS known of the -etiology but it seems probable that, as m 
varicose veins of the lower limbs there is a developmental weakness 
of the vessel walls The affected veins become dilated and extremely 
tortuous and from the vrcight of the contained blood they may cause 
discomfort 

Varicocele may occur in older men and is then usually due to 
pressure of a tumour upon tl»c tesUcuIar v em or, on the left side, on 
the renal v eins A hy pemepliroma of the left kidnev growing along the 
lumen of the left renal v eins has been known to have this effect 

TRAUMATIC ASPHYXIA— Traumatic Cyanosis 

This rather rare condition results from sev ere but briefly sustamed, 
crushing injuries to the thorax, such as may occur in railway or pit 
accidents or rarely, from the pressure m densely packed crowds It 
is characterized by a generalized purple suffusion and oedema of the 
skin of the face and neck and diffuse ecchymosis of the conjunctiv'a It 
may be accompanied by fracture of the sternum or nbs , and from 
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injun to the minute vessels in the retma it maj lead to temporary or 
permanent blindness 

The distnbution of the very sinking discoloration is si nrply 
demarcated In front it extends to a short distance below the clav icles 
postenorlj its infenor limit is variable but it usual!} reaches the level 
of the upper part of the shoulder girdle 

The condition is due to sudden distension of the veins of the upper 
part of the head and neck as a result of sudden occlusion of the large 
veins at the thoracic mlct and the peculiar character and the wide extent 
of the lesions are attributed to the absence of v ah es in the cervical v eins 
The discoloration of the skin is due to dilatation of veins and 
capillaries associated probabh with teroporarv loss of their clasticit} 
H^raorrhage of anv considerable size is ver} unusual The cederaa 
and suffusion recede gradualli and witb less change of colour than is 
observed when an ecchvmosis fades Before absorption is complete the 
skin mav have a blolchv vellon green colour which is slow to disappear 
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CJIAPTER XII 

DISEASES or LYiMPH GLANDS AND VESSELS 

By rc'^on of Iheir intimate relationship to the tissue spaces the 
IjTiiph channels form nn easy route for the spread of bacterial infections 
and for in\ asion by malignant cells Consequently the lymph vascular 
system is of primary importance to the surgeon in relation to acute 
and chronic infections and to malignant neoplasms 

The radicles of the lymph system originate in minute intercellular 
culs de-sac, and by union they form larger vessels which terminate in 
the lymph glands Efferent \ csscls from the glands e\ entually empty 
their contents into the a enous blood stream, either by the thoracic duct 
or by other mam Ivonph channels A typical lymph gland is somewhat 
kidney shaped, and it consists of a fibrous capsule, from whose deep 
surface spring fibrous trabccuhc, and a parcnchymia of lymphoid tissue 
A more or less distinct liilum may be recognized, which admits the 
artery to the gland and forms the point of exit for the vems and the 
efferent lyonph ^ essel 

The afferent lymph % csscls, usually multiple, enter the gland at its 
eonrex surface, and, iia\ang pierced the capsule, tliey communicate 
directly with a subcopsular lymph space known as tlic “ corridor ” of the 
ghnd Lymph percolates through the meshes of the corridor and 
thence to finer channels known ns lymph sinuses In the sinuses the 
ly mph stagnates m close contact with the endothelial cells of the ly mph 
cords, and any particles such as bactena or pus cells may be arrested 
there and undergo phagocy tosis From the smuscs the lymph passes 
towards the hilum of the gland ond is collected into the main efferent 
1 essel 

It may be noted that a lymph gland subscr\ cs tw o distinct functions, 
the one concerned with arrest and destruction of substances in the 
lymph, the other with the formation of lymphocytes by the germ 
centres of the folhcles Each of these functions is of great importance 
m relation to the pathology of the lymph a oscular system 

OBSTRUCTION OF LYMPH VESSELS 

Obstruction or obliteration of lymph vessels is a common result 
of acute and chronic inflammatoiy diseases and of cancer \Vlien 
the obstruction is localized the collateral channels are usually sulficient 
to carry on dramage, but when the obstruction is extensive or in% olves 
large lymphatic trunks stagnation of lymph in the tissues results, and 
the affected part becomes edematous, or, in the case of serous cavities, 
an effusion occurs In many cases lymphatic obstruction is temporary 
and its effects disappear when the disease responsible for it subsides , 
but in other cases, especially those associated with cancer or chronic 
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infective disease, the obliteration of the Ijmph vessels is progressne 
and permanent, and a state of chronic cedema is established. Lympliatic 
obstruction is encountered most often m the lower extremities, the 
external organs of generation, and less often in the upper extremitj 
The obstruction may be due to extensive removal of lymph glands, 
to infectn e diseases, such as er> sipelas or tuberculosis, or to widespread 
mvasion of the lymph glands and their tributanes by cancer cells. In 
some instances a combmation of factors is present. 

The lymph vessels and the veins are functionally very similar, and 
their mtunate association is evidenced by the great mcrcase in lymph 
flow which occurs m a limb when its mam v em is hgated. In the same 
wav, probably, the veins may, in part, compensate for the effects of 
obstruction of the lymph vesUls. In many diseases lymphabc and 
venous obstruction coexist, and when the obstruction is severe a very’ 
marked state of temporary or permanent oedema occurs uhich may 
finally gn e rise to the condition known as toUd adema. 

Elephantiasis. Elephantiasis is a condition of overgrowth of the 
skin and subcutaneous tissues m a part subjected to prolonged lymph 
vascular obstruction It occurs most often m the lower extremities and 
the external genital organs, and less often m the upper extremities and 
in the face. The swelling is due essentially to obstruction of the Ivmph 
vessels and glands m various ways, but as it is often preceded by a 
condition of sohd cedema it is generally held that there must also be 
obstruction of the venous return in tlie affected part. The obstruction 
of the veins is usually due to thrombophlebitis caused by' secondary 
infection from the skm or the blood 

The cedematoQS fluid m which the tissues are bathed is ncli in 
protem and stimulates proliferation of fibrous tissue beneath the skin 
On account of the stress from within and stagnation of lymph, the skm 
becomes coarse, thick, and corrugated, and is often discoloured Some- 
times it bears wart like projections, or it may exhibit exconation or 
ulceration It is noteworthy, and of great importance in relation to 
treatment, that the cedema is limited to the skin and subcutaneous 
tissue By contrast the muscles arc entirely normal 

Various types of elephantiasis are desenbed according to the diseases 
which originally detezmmed the lyinph vascular obstruction. 

Congendal cJtjihanUasis is a rare affection of unknown causation. 
It IS sometimes famflial One lower extremity is usually mvolved. The 
swellmgisnotvery great in early life, but it increases during adolescence, 
and if untreated it eventually becomes enormous. 

Filanal elephaniiasU is the commonest variety and occurs m 
tropical countries. It is due to invasion of the lyToph vessels and glands 
by the adult worm of the filana sangumis hommis It is behevrf that 
the filanal infection is merely a predisposmg cause of the Ivmph- 
vascular obstruction, and that the exatmg cause is lymphangitis, due 
to superadded septic infection from foci elsewhere. 

The disease attacks any part, but the lower extremities and the 
external gemtals are the common sites, and the enormous size which 
these parts may assume is well known ^khen mcised at operation tic 
skin and subcutaneous tissue are found to be irregularly thickened, due 
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to osergroKth of (lie fibrous tissue nml (o the loculation of oulcmalous 
fluid The superficial \ciiis arc often dilated 

lupus elrphunliasis non nte occurs m joiin" ivomcn nnd usually 
folloirs upon lupus of the Iocs nnd feet srhicli has cstendcil to tlii. 
subcutaneous Ijmpli rcssels As the Ijmpli scsscls become obliterated 
the skin and cellular tissues become lij-pcrtrophicd The skm is studded 
n ith fungating masses or ulcers of a In id blue colour There is usualK 
a conconiilanl infection bj pjogenie organisms nhich mas lead to 
gangrene ^ 

Elcphantmns gmomm is due to infection of the skin nnd sub 
cutaneous tissues nitii the lepra bacillus The disease cliiefli nltneks 
Ibe face, ubioli becomes the seat of tumour like masses consistm" of 
leprous nodules “ 

Elephantiasis due to cancer is seen m its most clmroctenstic form 
the upper extremity as a result of obstruction of the fixillm ]\m T 
ghnds and the axillaT> \ctn m carcinoma of the breast Sometimciit 
follon^ operation The whole limb is cnormouslj swollen and mn\ I 
the site of multiple ulcers Usually there is considerable pam, or th'^ 
bmb may be rendered useless ’ 

Elephantiasis neuromatosa is a condition sometimes associated will 
neurofibromatosis It is described on p 319 

ACUTE LYMPHADENITIS 

Acute inflammatorj enlargement of a Ijmph gland ina> result from 
an) infectiie process m its catchment area It is cspcciall) apt to 
follow interstitial infections with pyogemc organisms, parlicularh 
streptococci, and is less common in catarrhal conditions The Ijiunh 
glands affected most frequentl) arc those of the antecubital fossa and 
the axiUa m infections of the hands, those of the neck in infections oi the 
scalp, face, tonsil or pharjmx, and those of the inguinal region in 
infections of the genitalia and the anil region 

The earhest result of infection of a gland is proliferation of the endo* 
thchal cells Iming tlie Ijmph sinuses, and these cells by their phagooj tic 
action are able to deal inth many of the organisms as well as the effete 
pus cells borne in the ])*mpli from the initial focus If the infection is 
more se>ere, the lymphoid tissue plays merely a passive part, and an 
mflammatorj reaction similar to lliat seen in other tissues occurs 
The blood stream is slowed fibrinous fluid exudes and polymorph 
leucocjtes escape into the meshes of the gland At this time the 
gland IS enlarged, congested and lerj tender If the infection is 
overcome, the infiammation may resolve completel) , but if the infection 
contmues suppuration results The abscess thus formed may remain 
limited to the gland, and maj subsequently undergo partial absorption, 
fibrosis and calcification, but much more often it spreads bej ond the 
confines of the gland, extends widely in the tissue spaces and gi\ es nse 
to serious local and constitutional effects 

CHRONIC NON-SPECIFIC LY^IPHADENITIS 
Chronic non specific Ij-rophadenitis is a comparatuely uncommon 
condition for the reaction of lymph glands to infection is so vigorous 
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that an^ inflammation short of suppuration subsides as soon as the 
prunarv focus of infection is o>-eTrome Consequenth chrome l\-rapha. 
demtis is due almost mranabK to the persistence of the pnma^^ focus 
of infection Such chronic prjmarj foci occur most commonlv m the 
gums, the teeth, the tonsils and the scalp and consequenth the ghinds 
the seat of chronic Irmphadenitis are those of the neck 

TUBERCULOStS OF LYhlPH CtANOS 
The important part plavetl bv the Irmpli s-ascular ssstem in the 
easK tM-berculosis has alreads been discussed (Oiapter I\ ). 

and It onlv remams to consider the special pathological features of the 
disease in Ivmph glands. 

Tubercle bacilli usuallc gam entrance to the bodr in the phar\-ns. 

the lungs, or the small m*es 

— — -» tine, and consequently the 

glands first affected are gene 
rallv those of the neck, the 
lung hilum, or mesentery 
Tuberculosis of lymph glands 
usually pursues a chrome 
course, and often remains 
limited during a long period 
to a single gland or a group of 
glands 

Other glands mav be in 
fected b\ wav of the Icraph 
or, rareh , be the blo^ 
stream, and the localizatioa 
and character of the lesions 
diCer according to the 
method of spread Lvmph 
borne infection progre s ses 
slowlv and at first attacks 
the glands that are close to 
the primary focus, yrheteas a 
. e blood borne infection is just 

i natenal are matted todrtaer in a , ^ 

wj;. waJL pianos Qo. % 

iDrftiraaitja>Mum:strriTr VmtmSf H i the anatonucal distnbutioD of 
the afferent Irmph y essels 
the earlj lesions m lvmph borne infection arc situated m the sub- 
eapsnlar region of the gland m dose relahon to the subeapsular lymph 
smus, rrhereas m blood born® mfection smee the blood vessel to a 
gland breaks up immediately pd entenng the hilum, the earlv lesions are 
scattered diflusdy through the gjand 

The pathological changes m a tuberculous gland mav take either of 
two forms (a) the caseatmg, or (6) the proliferative Of these the 
former is bv far the more conuuon 

(a) In the caseatmg fo*ro the changes are those tvpical of tuber 
culosis in most other situations. Tuberculous folhdes develop, witli a 
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central area of cndothelioid cells and giant cells and a surrounding zone 
of Ijmphocjtes Caseation occurs m the central area, and enlargement 
of the caseous region and connuence of adjacent tubercles may proceed 
until the whole gland is replaced by yellow cheesy material At any 
stage m the process the disease may be overcome, and then the follicles 
become replaced by fibrous tissue and ultimately become calcified 
Such calcified tuberculous glands are extremely common, especially m 
the mediastinum or the mesentery of the small intestine, and less often 
in the ncch 

If, on the other hand, tlie disease progresses, the periglandular 
connective tissues are involved, and adjacent glands become adherent 
to one another Cold abscesses may dev clop and may infiltrate fascial 
planes and muscles Eventually they reach the skin surface and 
rupture, leaving a tortuous sinus which remains as long as the glandular 
infection persists 

(5) In the proliferative form the patliological changes are of a 
ditlerent type Giant cell systems are scanty or absent, and there is 
little or no caseation The glands arc swollen and clastic to the touch, 
and on section they arc of fleshy appearance and greyish pmk colour 
Slicroscopicallj, the cliaractenstic change is a diffuse proliferation of 
endothelial cells, w ith a variable degree of fibrosis It will be obvious 
that glands affected in this way bear a certom resemblance to the 
glands of Ijmphadenoma (see p 25C), and not infrequently distinction 
IS diflicult 

Tuberculosis of Glands in the Neck This condition presents certain 
characteristic features, and in view of its surgical importance merits 
separate consideration 

Two distinct types of infection may be recognized Jn the first, 
the adenitis is a manifestation of widespread tuberculosis The patient 
IS thm, pale and anaemic, and active disease is present in the tracheo 
bronchial lymph glands, and often in the lungs The affected cervical 
glands are multiple and arc situated in both sides of the neck mainly 
in the lower parts of tlic anterior and posterior triang]es The glands 
are not greatly enlarged, and are of soft consistency, rarely caseous 

The second type, seen more often m surgical practice, is a purely 
Jncal infection The patient, usually a cluld, is often of bealtliy 
appearance, and without ev idence of other tuberculous lesions Gene 
rally, one gland is grossly diseased, whilst a few glands adjacent to it 
are involved to a smaller extent In most cases the principally affected 
gland IS the jugulo digastric or tonsillar gland, situated m the angle 
between the common facial and internal jugular veins Less often a 
gland in the submaxillary region, or m the posterior triangle or the 
lower part of the neck, is the chief site of the disease 

It seems probable that in this local type of disease the infection 
gams access to the gland directly from the pharynx, and in the 
majority of cases the site of entry is at the tonsil The infecting 
organism is often of bovine type, and in many cases, no doubt, is milk 
borne Frequently a predisposing factor may be found m a recent 
attack of acute tonsillitis or one of the infectious fevers of childhood, 
particularly measles, whooping cough or scarlet fever 
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In this local tj'pe of disease the gland pnncipallj invohed often 
progresses to caseation and to the formation of a cold abscess From 
the tonsillar gland the abscess tracks forwards and downwards to reach 
the anterior border of the stemomastoid muscle At this point it 
perforates the deep fascia, and leads to the formation of a cold abscess 
under the skin Not infrequently, the skin o\er the abscess becomes 
thinned and breaks down, giving rise to a sinus 

Cold abscess formation may signify complete destruction of the 
offending gland, but caseous or calcareous fragments may be responsible 
for persistence of mfection and maj require remoi al 

TUMOURS OF LYMPH VESSELS : LYMPHANGIOMA 

A lymphangioma is similar to a haimangioma except that its 
spaces and channels contain lymph The tumour, \ihich is often of 
congenital origin, results either from new formation of IjTnph spaces or 
1 essels or from dilatation of those which already exist Usually the 
tumour is completely isolated from the normal Ijmph channels, but in 
some cases communications are present There are three chief s anetics 
capillar}, caiernous, and cystic 

A capillary lymphangioma occurs most often in the lips, cheeks or 
tongue or in the skui and subcutaneous tissues and less often in muscles 
and internal organs It giies rise to a localized nodular tumour, or 
causes diffuse enlargement of the part in which it is situated For 
example, in the tongue it leads to one form of macroglossia On 
section the tumour is composed of anastomosing channels or spaces 
lined by fiat or cubical epithelium and dlled with clear fluid conteinmg 
a fen lymphocytes The stroma is composed of hbrous tissue In a 
feu instances, a lismangioma and lymphangioma are combined 

A caiemoiu lymphangioma occurs chiefly in the skin, but sometimes 
m the intermuscular septa or in the mucous membranes where it may 
give rise to a circumscribed or diffuse tumour It is composed of dilated 
lymph spaces which intercommunicate The spaces are Imed by flat 
endothelium and contain thin fluid or coagulated ly mpb Haimorrliage 
may occur in the tumour and thus create the appearance of a 
hsniangioma 

A cystic lymphangioma occurs chiefly in the neck, axilla and groin, 
occasionally m the sacral region or great omentum Less frequent 
situations are the floor of the mouth, the h\ei and the suprarenal 
glands The cyst is usually thin walled and multdocular and may reach 
a ^ en large size It may be present at birth or may appear soon 
afterwards 

In the neck the tumour is known as a cyrfic hygroma It may be 
definitely circumscribed, but frequenth it forms a ramifying mass 
which extends deeply between the rnuscles, and may even extend to the 
thorax or axiUa It may disappear spontaneously, but more often this 
IS accelerated by infection of its contents 

LYMPHOSARCO^IA 

A lymphosarcoma or reticulum cell sarcoma is a tumour of lymphoid 
tissue, and is belieied to arise from the progenitors of the cells of 
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lymphoid tissue It is characterized by rapid growth and a high degree 
of local malignancy It occurs most commonly in young subjects and 
it progresses rapidly to a fatal issue 

The tumour mav originate m alymph gland or in any other collec- 
tion of lymphoid tissue Sfost frequently it arises m one of the glands 
of the neck or the mcdiastimim, or m the tonsil or the lymphoid 
tissues of the nasoplnry nx In other eases it mav arise in the mesen- 
teric or retroperitoneal glands or in tlie lymphoid tissue of the gastro 
intestinal tract Rarely it occurs m any tissue m v^hlch lymphoid tissue 
IS present 

The tumour grows rapidly and attains large size It is usually of 
pale colour and soft consistence, and is very liable to necrotic soften- 
ing and hemorrhage It spreads from the site of origin, infiltrating 
surrounding tissues and involving oUier lymph glands in the vicinity 
Subsequently more distant glands are nffcclctl, apparently by extension 
along lymph vessels and ultimatclv small metastnses may develop in 
the liver, spleen or other organs Microscopically, the normal nrchi 
lecture of lymphoid tissue is lost, and the tumour consists almost 
entirely of small, round, dark staining cells, supported by very 
scanty stroma Some- 
times larger cells of 
endothelial ty pc arc 
present, which arc re 
garded v ariously as prt 
mitivc lymphoblasts or 
os endothelial cells de- 
rived from the lymph 
cords 

In some cases the 
reticulum cells of the 
lymph sinuses arerepre 
sented, and deeply 
staining argyrophil 
reticulum fibrils arc a 
prominent feature (rrti 
culum cell sarcoma) 

Lymphosarcoma in 
the neck forms a bulky 
soft mass which be- 



comes fixed to sur- 
rounding structures 
and may ulcerate at 
the skin It originates 
usually in a gland of 


Tie Jir LjmpiKKarcoma The tumouris composed 
of small round cells will hypercl romalic nuclei 
nnd of larger cells of endothelial tjT>e A few 
malignant giant cells arc present 
lLeb9ratmf»fR9t«lOMit« ef i’Ayrfnani of Ed nbvrgh 


the upper deep cervical group or la tlic tonsil, nnd spreads thence to 


involve the glands of the other side and those of the mediastinum or 


the axillie Lymphosarcoma in tlic mediastinum tends to spread 
diffusely in the mediastinal tissue planes nnd to invade the lung, and 
it may give rise to a fatal issue from pressum upon the trachea or great 
vessels It may be remarked at tins point that mediastinal IvTnpho 
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sarcoma is probably not so common ns was supposed at one time, for 
many of these mediastinal growths are now knorni to be ntjpical 
carcinomata derived from the bronchi, and others are tumours of the 
thymus 

Lymphosarcoma m the abdomen may arise either in a lymph gland 
or in the lymphoid tissue of the gastro intestinal tract A growth 
arising m the latter situation occurs most often in the wall of the distal 
part of the ileum, less often m the jejunum stomach or colon Itanses 
usually in the submucous layer and infiltrates the gut wall diffusely, 
thickening it over a large area and ulcerating at the mucous surface 
Sometimes multiple nodules, apparently independent, arise in different 
parts of the intestine 

LYMPHADENOMA (HODGKIN'S DISEASE) 

Lymphadenoma or Hodgkin’s disease is an affection of the lymphoul 
and reticulo endothelial tissues It is characterized by painless enlarge 
ment of the lymph glands and spleen and by anemia of secondary type 
In some cases the lymphoid or reticulo endothelial tissues of the hicr, 



Fig 117 Lympi adenoma 


lung bone marrow and alimentary tract are also ln^ oh ed Generally 
it affects young adults, especially of the male se\, and it usually pro 
grosses during a few years and terminates fatally 

The Lymph Glands The glandular enlargement is a constant, and 
generally the earliest sign of the disease The enlargement is limited 
at first to the lymph glands in a single region and it may remain 
so limited during many months erven years, but later it affects 
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other groups of glands and e\ entually may affect Ij mphoid tissues in all 
parts of the bodj The first glands to become enlarged are usually 
those at the root of the neck on one or on both sides In others the 
glands m the upper part of the neck or m the mediastinum are affected 
first Less coimnonl} , the earliest site of the disease is in the glands of 
the axilla, groin, or retro peritoneal region 

Tlie affected glands attain considerable size, and when situated 
uithm the thorax or the abdomen may give rise to pressure effects 
Glands in the mediastimun may exert pressure on the large ^elns and 
gn e rise to v cnous engorgement and cedema of the face and neck, or 
tliej maj press upon the trachea and embarrass respiration Glands 
m the abdomen maj 
cause obstruction of 
the ahmentarj tract 
or of the portal vein 
or, rareh, the com 
mon bile duct 

On cross section 
the 1> mpli glands 
have a charactcris 
tic appearance 
Tliea are of a uni 
form homogeneous 
character, pmkish 
grej in colour, ond 
clastic to the touch 
At first the> arc of 
somew hat soft, 

(leshy consistency , 
later, the> are firm 
and fibrous The 
glands do not 
cascate and nev er 

iinderoo oiilpiRffl Lymj liadenoma X 000 Note U»e endo 

unaergo caicmca characteristic giant cells 

tion aJicre is no 
pen adenitis, and 

consequentlj the glands remain discrete ond non adherent to sur* 
rounding tissues 

Microscopical!) , the appearance vanes at different stages of the 
disease At first there is proliferation of all the specific cells that take 
part in the formation of a l)Tnph gland, the rcticulo endothelial cells of 
the ghnd “ corridor,” the endothelial cells of the germ centres, and the 
1) mphoc) tes which occupy the bulk of the gland Many of the cells 
assume immature t)'pe, and large I)nnphocj'tes and eosmophil leu 
cocytes make their appearance At this stage giant cells of special 
t) pe are usually present Some of them are mononuclear cells some 
nliat resembling endothelial cells, from winch they probabl) take 
origin Others are multmucleated cells which bear a striking resemblance 
to the megakaryocytes of the bone marrow 

In the late stages of the disease the microscopic appearance is 
$ nra B 
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altered b\ the growth of fibrous tmue which infiltrates the whole 
gland and replaces the cellular elements 

The other Lesions 'Whilst enla^ement of the Ivmph glands is 
an inrariable feature of Hodgkins disease, inrohemcnt of other 
nrg anc is less constant 

The spleen is affected m most cases at some stage of the disease 
It IS enlaced sometimes eonsiderabh so In some cases it is uniform 
and homogeneous in appearance, in others it is nodular, and the cut 
surface shows the presence of pale rounded masses somewhat reseroblmg 
suet ^ricro«copicallv the changes are similar to those seen in the 
l\-mph glands 

The blood shows the clianges characteristic of a secondari aruemia 
In some cases there is a moderate leucoc\*tosis and there may be an 
increase in the number of eosmophil cells 

The liver is involi ed in some cases and presents a diffuse cellular 
infiltration along the portal tracts Rarrfv the bone marrow, the lungs 
and the submucous tissues of the stomach and small intestine show a 
diffuse cellular infiltration or even nodular swelhogs Such nodules m 
the stomach or intestine ma\ project into the lumen and ma\ be 
mistaken for sarcoma 

The cause of l^phadenoma is not known The disease has been 
regarded bv mani workers as a form of tuberculosis due to attenuated 
human or bonne bactlh ^VhQe it is true that m a small proportion 
of guinea pig inoculation of evtracts from the affected glands 
jnelds a positne result this mav be due to a coincident tubeiwlous 
infection and the negative results obtained m the great majority of 
cases must be regarded as conclusive evidence against this theorv The 
new that infection with the a\ian t\-pe of tuliercle bacQlus is respon 
sible has also now been generalli discarded 

In some respects Ivmphadenoma is comparable to the leukienuos 
and to Ivmphosarcoma and manv observers regard it as a tvpe of 
tumour formation alhed to these conditions 

Lastli , there is the new that Ivniphadenoma is due to infection b\ 
organisms of low nnilence The attacks of piTCXia (Pel Ebstein 
waves) that form such a characteristic feature of the cUmcnl course 
give some support to this theoT) > anous workers have isolated strep 
tococci, diphtheroid bacilli, and other organisms from the affected 
glands but their verj multiphcitv precludes conncUon 

SARCOIDOSIS 

Linder this title a motlev of obscure diseases lias gamed shelter The 
disease is fairh common and has attracted considerable interest on 
account of its obscure nature and the multiple and odd pathological 
esions it mai present. It mav be latent, but it usuallv gives nse'to a 
protracted illness which recovers spontaneouslv often with residual 
tibrosis in the affected organs 

The pathological features are mainlv tlie result of proliferative 
changes m the Ivmphoid tissues like those m tuberculosis but alwavs 
vntbout caseation The manifestations are most constant in the 
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Ij-mph ginnds but the Ijinphoid tissue in the lungs the spleen and in 
the sain arj glands and other risks maj be affected Skin lesions in the 
form of small papules on the face and lindis arc present in half the cases 
Hone changes are present m a small proportion 

The l\*mph gland enlargement is never more than slight and is 
alnaj-s painless One or several groups of glands may be affected 
the glands are discrete and freelj movable and folhculoid deposits 
with epithelioid cells and scantj giant cells The bone changes are 
commonest in the hands and feet and consist of well demarcated 
deposits of sarcoid tissue in the marrow of the phalanges 

The changes m the lungs maj resemble peribronchial tuberculous 
infiltrations or miharv tuberculosis The hilar glands alone miy he 
affected 

Uveoparotitis Mikulicz s disease and possiblv Stills disease are 
believ ed to be manifestations of sarcoidosis 

The underlj mg nature of sarcoidosis remains unsolv ed It resembles 
tuberculosis and some cases uUimatcl) succumb to that infection either 
m the primarj or other sites IFowcver, most cases show usually a 
negative Mantoux reaction and attempts at animal inoculation of 
biopsj material have not succeedcil ket these features do not com 
pletelv nulhfj a lulierculous origin of the disease and there is a grow mg 
body of opinion — circumstantial and factual — that pathologicalh 
sarcoidosis represents a form of tissue response to be expected m an 
individual with unusuallv high immumtj and low sensitivitj to 
tuberculous infection and the tissue response is proliferate c as opposed 
to exudative 
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CHAPTEE XIII 

DISEASES or THE SKULL AND BRAIN 
THE CEREBROSPINAL FLUID 

Thc existence of a “ tliird circulation,” unsuspected until fifty j cars 
ago, IS now clearly recognized Cerebrospinal fluid, produced by the 
cliorioid plexus of the lateral and third sentnclcs, circulates through 
the 1 entncular system and over the surface of the brain, and is absorbed 
into the blood stream m the venous sinuses of the dura mater 

How the fluid is produced remains doubtful The fluid has some- 
times been regarded as an active secretion, for its composition signifies a 
remarkablj gelectiie process Very few drugs reach the cerebrospinal 
fluid, and even the pigments of obstructive jaundice, which colour nil 
transudates and many secretions, are usuallj withheld from it 

The fluid differs from everj other bodil> secretion, m containing 
the salts and sugars of the blood but practically no proteins According 
to Sfestrezat the fluid is a dialysate, escaping from thc blood through 
the colloidal membrane formed by the cells covering the chonoid 
plexus AU the contents of the cerebrospinal fluid are derived from 
the blood plasma, and salts, sugars, urea and diffusible organic sub 
stances such as alcohol, ether, or chloroform may pass into the fluid, 
but colloids are completely excluded THoreover, the Dow of cerebro 
spin'll fluid seems to depend upon physical rather than vital influences 
for its pressure is regulated by the artcnal blood pressure, and increases 
when venous stasis is brought about 

From the chonoid plexuses the fluid passes tlirougli the ventricular 
system and escapes tlirougU the openings in the roof of the fourth 
ventricle, the central rounded foramen of Magendie and the two later*!! 
slit like orifices of Lusclika, to reach the subarachnoid space Here it 
filters through the large subarachnoid cisterns, the ciStema magni on 
the dorsal surface and the cistema pontis and its extensions v entrally 
A small quantity of the fluid passes afong the membranes of the spinni 
cord, but the larger portion percolates upwards ov er the surface of the 
brain Finally it is absorbed into the venous sinuses, especnllv those 
ov er the cerebrum 

It IS now well known tliat the fluid is absorbed into the blood prin 
cipally tlirough the arachnotdeal itlli These are delicate structures 
composed of arachnoid mater situated m relation to the s enous sinuses 
of the vault and the anterior and middle foss'e of the skull Thev 
resemble small hemi® of arachnoid membr'ine, protruding through 
gaps m the dura mater and projecting into the lumen of a blood smns 
The vnlli are capped by memngocytes (endothelial cells of the memnges) 
and enclose channels continuous with the subarachnoid space, so that 
the cerebrospinal fluid is brought mto intimate contact with thc blood 
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and IS rcndilj absorbed In later life some of the \ ilh, especially those 
related to the lacunte of the superior sagittal sinus, become thickened 
and calcified — the Pac 
chionnn bodies 

Functions of the 
Cercbrospmal Fluid In 
the jolts and jars qf 
daily life the cerebro 
spinal fluid probnblj 
tends to protect the 
delicate ner^ e cells of 
the brain, insulating 
them and acting ns a sort 
of %\atcr cushion It is 
of interest to note that 
the fluid IS most abun* 
dant around the part of 
the brain that it is most 
important to protect — 
the medulla In patho 
logical conditions the 
fluid IS of value as an 
inert mobile tissue that 
can be displaced to make room for the cranml contents Its most 
important function, Jioneier, is Hint of a sehicle for the excretion 
of the products of metabolism of nerve tissue, in this respect com 
pensating for the absence of lymph It probably acts also as the 
seJiJcIe wlierebj the internal secretions of the pituitary gland reacJi the 
blood stream 
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HYDROCEPHALUS 

Brief consideration of the phjsiology of the third circulation suffices 
to sho>\ that hydrocephalus may theoretically result from one of three 
processes, namelj (1) mcreased secretion of cercbrospmal fluid beyond 
the limits of normal abso^ntion,. jf2) obstruction to the flow m aqv jiar.t 
of its course, or (8) failure m the process of absorption In practice, 
examples of the first process are rare, those of the third are uncommon, 
and the great proportion of cases ore due to the second process and are 
thus examples of obstructive hydrocephalus Obstructive hj drocephalus 
may occur in adult life, but is most common in mfancy 

Hydrocephalus in adult life is usually due to the pressure of a tumour, 
rarely to obliteration of the x entricular foramina or of the subarachnoid 
space by adhesions following leptomeningitis A tumour may obstruct 
the flow of cercbrospmal fluid directly or mdirectly A tumour of the 
acoustic nerve may press directly upon the mid bram and so constrict 
the aqueduct, or a tumour of the cerebellum may close the pathway at 
the fourth ventricle 3fore often, however, a tumour acts indirectly by 
displacing the bram stem towards the foramen magnum This forms a 
“ pressure cone ’ by impaction of the cerebellar tonsils and the medulla 
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in the foramen, and obstructs the outflow of cerebrospinal fluid from 
the fourth ventricle 

H>drocepbalus in infancy maj result from a congenital abnonnahtj 
or maj be due to obstruction to the fluid pathwa\ bj sj-phihlic menm 
gitis or by adhesions following a birth h^raorrliage The obstruction 
maj occur in the aqueduct of Sylvius, the foramina in the roof of the 
fourth ventricle maj be occluded, or adhesions over the surface of the 



bram raa\ bar the progress of the fluid towards its area of absorption 
Thus the obstruction maj be intraventricular or extrav entncular 

In the latter tvpe not mfrequentlj spina bifida co-exists, the spinal 
defect then acts as a safetj valve, absorbing the eTcr<s of cerebro- 
spinal fluid Recognition of this coexistent deformitv is of importance, 
for surgical repair of the spmal defect ma\ aggravate the hv drocephalus 
In any tjqie of hj drocephalus the end result is the same The 
obstructed ventricles become dilated, compressing the tissues of the 
bram to a thin shell The white matter is affected first and m greater 
degree . the grej matter resists for a much longer period In childhood 



HEAD lEJVBIES 


263 


incomplete ossification pertnils the skull to become enlar^d and 
globular, contrasting remarkably with the tiny pinched face TJie 
crannl bones separate widely and in the extreme stages parts of the 
skull arc represented only by a thin stretclied out membrane 

INJURIES TO THE SKULL AND BRAIN 

It IS a commonplace that m head injuries the damage to the brain 
IS often out of all proportion to the damage to the skull Injuries which 
at first Sight appear trivial, with no damage to the skull or only a small 
fissure, mnj prove fatal from their effect upon the bram or its vessels 
Convcrsclj, gross compound depressed fractures may, though un 
commonlj, be complicated by little evidence of injurj to the brain 
Fractures of the skull may cause tearing of cranial nerv es or may prov ule 
a pathwaj for leakage of cerebrospinal fluid, and thus favour the access 
of infection, hut in other respects their importance is small compared 
with the associated damage to the brain 

A head injury presents a complex pli>sical problem The effects 
are dependent upon the shape and size and spcctl of the striking force 
and upon the strength and claslicitj and degree of fixity of the cranium 
Thus at one extreme a blunt injury maj cause prolonged unconsciousness 
but no permanen t damage to the skull or brain, w Jiile a t the other, a higli 
\elocit> bullet maj penetrate the bram or an airplane propellor maj 
slice off a part of the skull w ithout causing ev en momentar> concussion 
Apart from war wounds, most injuries to the head arc “blunt" 
injuries caused bj the impact of a large mass Such injuries commonlj 
cause concussion and thev ma^ give rise to all degrees of bruising or 
lacerations of the bmui and to extensive hemorrhages, intracerebral, 
subdunl or extradural 

Concussion This state is characterized bj three essential features, 
(1) sudden loss of consciousness, (2) widespread motor and sensorj 
paraljsis of variable duration, (S) subsequent complete recovery apart 
from retrograde amnesia for the events leading up to the injurj 

Unconsciousness occurs immediately on receipt of the blow ^Vhen 
the concussion is slight there is merelj transitory giddiness or momen 
itny ibss- m*' ovnnanuQVirejib'', duvt «vnbar Alw aHwmfiauwvuvsy 

may be prolonged The voluntary muscles and sphmeters are relaxed, 
respiration is shallow and rapid, the pulse is small and quick, the pupils 
are dilated and, indeed, ev ery vital activity is suspended 

In rare instances concussion accompanied by no other obvious 
injurj lias proved fatal, and in these cases at autopsy the only 
recognizable damage has been w idespread minute hiemorrhages through 
out the brain 

The Mechanism of Concussion The brain is supported, as in a 
water bath, by the cerebrospinal fluid mside the closed crania! cavity. 
Tins disposition of the part, protective as regards the jars and minor 
injuries of daily life, has its own peculiar dangers when the skull is 
subjected to undue violence, for the force of the impact is transmitted, 
according to the laws governing hydrostatic chambers, rapidly to every 
part of the caritj 
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Formerly concussion lias been attnbuted to a sudden deformation 

of the skull a flattening m the line of the force, a broadening in the 

other axis — ^which has been thought to produce a transitori anxmia 
of the braui (Trotter) or a wave of pressure transmitted bj the cerebro 
spmal fluid through the ventricles and impinging on the floor of the 
fourth ventricle (Duret) 

The ohservations of Dennj Brown aud Russell make it ncccssar) 
to modifj these views These workers ha\e shown that m animals 
concussion is produced most readtl> if the head is not fixed, t e , is 
capable of being displaced at the moment of impact From tlus it must 
be concluded that concussion is due to a sudden change in ^elocitj 
(acceleration or deceleration) rather than to an increase of mtmcrinia! 
pressure The a elocitj of the force at the moment of impact is thus of 
paramount importance, and if the impact is damped down b> cushioning 
the nsk of concussion is greatlj reduced 

It seems probable that the actual lesion m concussion is a “ mole 
cular disturlance ” of the neurones caused direct!} by the plu'sical 
stresses due to the impact Most of the chamctenstic features of 
concussion can be attributed to a tiansitor} parah’sis of tJus sort 
affecting particular!} the h}'polhalamus and brain stem Even the 
unconsciousness or, as he prefers to call it, pamsomnm, has been attri 
buted b} Jefferson to braui stem paral}'sis 

Contusions and Lacerations. These injuries var} in degree up to 
the most severe They are most extensive at the site of impact of the 
blow, and at the opposite pole, from percussion of the bram against the 
skull at this point (contre^up) The same mechanism may lead to 
damage to the bram close to t^ dural partitions, and the nerve tissue 
close to the ventricles is often affected The damaged areas become 
softened and disintegrated and may bleed Blood ma} percolate 
through the meshes of the pia arachnoid or ev en escape into the sub 
dural space, but more frequentlv it is restricted to small areas m the 
bram itself 

When the damage is extensive it ma} give nse to focal para!} tic 
lesions from destruction of nerve tissue, but such gross damage is 
unusual Elinor contusions and lacerations owe their chief danger to 
the coincident localized hiemorrhages and reactionarv cedema of the 
brain If this stage is survived, the damaged tissues ma} become 
sclerotic from neuroghal proliferation, and this sclerosis mav subse 
quently giv e nse to after effects 

(Edema of the Bram The contused brain hke an} other bruised 
tissue becomes swollen with extravosated blood and cedema flmd In 
most cases the cedematous swelling is limited to the immediate vicmitv 
of the focal lesions, but in severe injunes it ma} be so extensive as to 
cause an mcrease in mtracramal tension and mterfere with the circula 
tion of blood and cerebrospinal fluid 

The state of “ cerebral imtation ” is generall} attnbuted to esdema 
of the brain, though the evidence for this view is not altof»etber con 
vincing This slate appears short!} after recover} from the initial 
concussion and may persist for a few davs or considerahl} longer 
Usuallv it reaches its maximum wilhm fort} -eight hours after the 
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mjurj The cerebral condition is reflected m the whole state of the 
patient, ^\ho lies curled up on lus side, avoiding the light and resenting 
all interference The mental state ^ arics from irritability and drousmess 
to delirium and c\ cn mania, the more excitable states usually super- 
\ening at night During quiet phases there is a curious state of sub 
merged consciousness, for although apparently insensible the patient 
mnj respond to persistent questioning, but with a long reaction time, 
slo^^ness of thought, and defccli\e memorj. 

Intracranial H2emorrhage. Intracranial liamiorrhage of traumatic 
origin may arise from rupture of n x essel either in the meninges or m the 
brain Intracerebral liajmorrlnges are very common following bruising 
or laceration, but they are usually small, oroxersliadowed by other lesions 

Elxtradural Hzemorrhage. Dxtradural Ufcmorrhage, though un 
common, is familiar c]jnjca!J>, for jt gives rise to a fairly characteristic 
tram of sjamptoms and signs It follows rupture of a meningeal 
vessel, often the mam stem or a major branch of the middle meningeal 
artery, which is punctured or tom by a fracture of the inner table 
The onset of bleeding is delayed by the initial collapse and low blood* 
pressure of the concussion period, and its progression is slow due to the 
adhesion of the dura mater to the bone , and for these reasons there is 
usually a latent period, free from pressure symptoms Since the dura 
13 firmly attached at the base of the skull the blood spreads principally 
towards the sault, and also antcro posteriorly As the hcematoma 
increases it compresses the adjacent parts of the brain and increases the 
intracranial tension Its effects arc ot first and principally restricted 
to the brain close to the hxmorrlingc, and only later do they become 
generalized The brain abutting on the site of hicmorrliage is at first 
engorged from ^enous stasis, and is “ irritable ” , later, this part of the 
brain becomes paralysed, while n zone of “ irritability ” spreads pro 
gressnely to other parts 

In typical cases these pathological processes may be recognized 
clinically After the initial concussion and before the bleedmg has 
progressed far, there is a latent period, free from symptoms Then, in 
a few hours or, exceptionally, a few days, there develop irritative 
phenomena due to the > enous stasis, related principally to the affected 
side Later there are paralytic disturbances, at first localized, later 
spreading as more and more of the brain is affected (compression of the 
brain) Monoplegia, hemiplegia, or sensory loss occur, and paralysis of 
the palate leads to stertorous breathing The pupil of the affected side 
becomes dilated, whereas its fellow, affected by the irritative zone of 
venous stasis, is contracted Generalized paralytic lesions and deepening 
coma lead to death 

An instructive feature of the late stage of compression of the bram 
IS the cliaracter of the pulse, which is full, bounding and of high tension 
This IS knoxvn as the “ compression pulse ” Tlie vital centres of the 
brain stem must at all costs receive their proper nourishment, and to 
ensure this they are furnished with a remarkable compensatory 
mechanism ^\hen the advancing effects of cerebral compression 
approach the medulla, tliat most delicate x ital centre, the vasomotor 
centre, is tlie first to respond by becoming more susceptible to stimu 
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lation and emits impulses which lead to %aso-constnclion of penpheral 
blood vessels This has the effect of raising the blood pressure, and 
smce the cerebral arteries, being mdependent of ' aso*constnetor control, 
do not participate, the result is an increased flovv of blood to the medulla 
and consequent unpro^ ement of the nutrition of the ^^tal centres Thus 
the “ compression pulse " is a protective phenomenon 

Subdural and Subarachnoid Hamorrh^es Blood maj accumulate 
either m the subdural space or in the meshes of the pia nrathnoid 
The blood may come from a meningeal arterj ora\enoussimis,or from 
veins or arteries near the surface of the brain A common source is 
from one of the cerebral vems as thc> enter the tributaries of the 
superior longitudinal sinus, for these are short \cnous trunks passing 
perpendiculwlj from the mobile brain to the fixed dura mater The 
hemorrhage is most Ukelj to follow a blow on the back of the head, in 
which the bram is suddenl\ thrown forwards within the cranial cavitj 
In blows directed from one side of the head, the brain is cushioned to 
some extent bj the falx cerebn, and conscquentl) is less apt to tear 
the veins 

Arterial harmorrhage usttali) is too rapidl) fatal to have much 
significance Venous bleeduig progresses slowly, after a free interval 
due to the initial shock If the hicmorrhage is not sufBcientJj severe to 
lead to death, the blood clots, forming a hsmatoma Small clots are 
absorbed, but large ones tend to persist 

Chrome Subdural JI<emaloma Such a collection of blood clot is 
found most often over the parietal region, a short distance from tlie 
nudhoe Within a few dajs it becomes eoveloped in membranous 
adhesions denied from the araclinoid mater This membrane contains 
muuerotis reliculo-endothehal cells or mentngocyiei, wlueb phagocyte 
the hatmoglobm from the blood clot, and even convert some of it mlo 
bile pigment, thus imparting a greenish yellow or coffee colour to the 
affected region 

Eventually the blood clot becomes hquefied, and forms a cjst — 
traumatic tubdural cyst Such cists are not intimatelj connected 
with the brain or dura, and inaj with care be shelled out The outer 
parts of the cyst become organized and fibrotic, the centre becom“S 
liquefied, and its pigment undergoes absorption Cholesterol ciystak 
may be deposited in large numbers Sucii a cjst sometimes tends to 
mcrease in size through the accumulation offijud, and maj give rose to 
the signs of an intracraiual tumour Its wall m3^ become calcified 
and thus be evident in radiogrophs 

Sequels of Injuries to the Brain 

Anj injury to the brain, from a mild concussion to se\ ere lacerations, 
ma% occasionaCy be followed bj untoward sequelae Headache, giddi- 
ness, tinmtus and ill-defined alterations in disposition are the most fre- 
quent Traumatic neurasthenia ina\ follow more severe mjunes It is 
characterized bj an alteration of the mental attitude with instabiht\, 
incapaat} for intellectual effort, and attacks of excitement alternating 
with depression 

Traumatic epileps\ is a rare sequel, attributable to irritation of 
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the motor cortex secondary to patchy gliosis m the lacerated area 
Traumatic insanity is also n rate sequel which occurs in persons with 
on inherited tendency tow ards mental instabihtj 

The rehtion of post traumatic disturbances to n defect m the bones 
of the cranium is o problem of great importance to tlie surgeon Often 
the headache appears to be centred round the defect , the patient has 
an unpleasant consciousness of weakness at this point , or tliere may be 
local pain, and appreciation of variations in intracranial tension, of 
ulucli the normal person is unconscious In some sucli cases it appears 
as though the defect itself is responsible for the sjmptoms, for closure 
of the gap by a bone transplant may brmg relief Usuallj , bowei er, 
adhesion of membranes to the brain at this point and gliosis spreadmg 
deeply through the brain are the under!} ing factors 

In addition to the sequelm mentioned above, there are certain 
complications due to rupture of cerebral nerve tracts at the time of the 
mjurj In this categorj are glycosuria, polyuria (from damage to the 
hj pothalamic region), loss of sight, hearing or smell 

Intracranial aerocele (pneumoccphalus) may also occur This rare 
condition is characterized by the presence of an air containing cavity 
within the skull In the common form, the aerocele lies within the 
substance of the frontal lobe, and it may be so large as to occupy the 
entire frontal lobe and extend back into the parietal lobe In some 
cases, the air occupies a portion of the subdural or subarachnoid space 
It may even gam access to the ventricles, either primarily or following 
rupture of an aerocele m the frontal lobe 

In the great majority of cases the aerocele results from a fracture 
of the cranium ins oh mg one of the air sinuses— the frontal sinus most 
often, the ethmoid, sphenoid or mastoid sinuses rarel} At the time of 
the fracture the subjacent dura mater and arachnoid are torn, and a 
narrow track is formed leading from the air sinus into the brain When 
the patient coughs or sneezes (or swallows, m the case of the mastoid 
air cells), the increased pressure willim the sinus forces air into the 
substance of the brain 

In a few cases the bone defect has been caused by mflammator} 
erosion of the sinus wall, for example, in mastoiditis or ethmoiditis 
It is possible that occasionally an aerocele maj result from the action 
of gas forming organisms, for example, in b brain abscess 

An intracranial aerocele generally develops several days, or even a 
few weeks, after injurj In the common frontal tj pe it is associated 
with repeated sneezing and sometimes with the discharge of cerebro 
spinal fluid from the nostnl As the aerocele increases in size the mtra 
cranial tension rises, and leads to headache, vomiting, drowsiness or 
delirium, and finally coma In 50% of cases the issue is fatal, either 
from intracranial pressure or from superadded infection 

Injunes to the Skull and Cramal Nerves 
The skull may be fractured at the site of impact of a blow, from its 
direct violence, or at some distant part from secondarj stresses set up 
m the bones The nature and extent of the fracture depend upon the 
size of the injuring object as wdl as upon the magnitude of the force 
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A small object inflicts a localized fracture at the point strucfc, 
Tlie fracture may be compound, comminuted or depressed, and it may 
be gi\en \aTioiis dcscriptnc names — indentation, pond, gutter, punc 
lured, etc Such fractures are commonest m the -vault of the skull 
Unrcly a pointed object may pass tlirougb the mouth or nose and cause 
a direct frnclure of the base or pass through the orbit and lead to damage 
of the orbital plate Where such an injury is caused by an object of 
small calibre, the ^\ound of entrj maj be so slight as to escape the most 
careful inspection 

A large object, inflicting violence orer a wide area of the skull 
damages it by a different mechamsm There maj be local damage at 
the site of impact, but, m addition, abnomial stresses and strains are set 
up through the whole skull The base, the least elastic portion, gives 
wav first, and fissures appear, which ina\ extend widelv, usuallj m a 
transv erse direction or obhquelv Xol mfrequenth the ftssures radiate 
m several directions, and the\ ma\ cross the mul line at the base 

The cfaiual iimrs ma\ be injured in fractures of the base of 
the skulk partieuUrlv of the anterior and middle foss« Nevertheless 
e> reuurkable how often the nerves escape mjurv, even in ven 
exteus ve fhieti.n-5. Often the Ime of fneture avoids the nerve 
tutacneo. which, are surrounded b\ dense bone and so arc reUtively 
Fibr-s ef the olfjctorv tract nisv be tom ta an xnjurv to the 
'Jjnfor"! pla*e , the optic nerve is liable to be damaged os it lies in 
the opLc fbcamen , mjurv to the petrous bone raav rupture the 
abducent nerre , the Cictal and acoustic nerv es ma\ be injured as thev 
le ui taer bonv canals, 

ELuingoC a Cmctur- in the membrane bones of thestuU takes pUce 
av abrous tmiun ksnaQ/ ben union djes not take place, and there 
01 ao mmafon of callus at the «eat of fracture Occasionaliv, after a 
uin,. mtermi, ditm* is a O'rtam acjunt of ossihcatioa between the 
r-cments w lere t.iL Gnc*ar» cm<5e^ a 5U*ure Une, but the new bone is 
aiwav* Ter** «cantr^ XhL lack of new bone formation is g:eai*raliv 
itT’Outeu Co tiiejhc*' that o^tsobiasts are ab«cat tom the bones formed 
° 'nemuian" tnnmim fiiliir*' of ossification occurs at the- site of a 
QD'eunr' tje edtrei of which remain, clearlv defined and little 
^‘cre'a aftcra ner'cd of -ears 
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paranasal nir cavities, or it ma> arise as a complication of a compound 
fracture of tlie skull Not infrequently it is due to spread of infection 
from a septic focus in the lip, nostril, or orbit Rarely intracranial 
suppuration follow s infection from a distant septic process Intrathoracic 
infections such as bronchiectasis or pulmonary abscess are especially 
apt to involve the brain, presumably owing to the ease with which 
septic emboli set free in the pulmonary veins may be transported to 
the cerebral arteries 

Pathwaj'S of Infection. Infection may reach the intracranial 
structures b\ the follow mg routes — 

(1) B> continuity of tissue, e g , extradural abscess secondary to 
otitis or compound fracture of the skull 

(2) By the nrternl blood stream e g , brain abscess secondary to 
py^mta or thoracic infections such as broncluectasis 

(8) By the v enous blood stream, t g , sinus thrombosis secondary to 
carbuncle of the hip 

(4) By’ special regional pathway's such as the olfactory perineural 
sheaths, e g , meningitis secondary to fracture of the cerebroform plate 

Extradural Abscess Tins is attributable almost invariably to 
spread of infection from some local lesion Most often it follows sup 
punitive otitis media or infection of the mastoid air cells, or it may 
occur as a complication of compound fracture of the skull, osteomyelitis 
of the cranial bones, or infections of the scalp 

In the common form secondary to ear disease the 'ibsccss cavity is 
of small size, contains \ ery little pus, and is surrounded by an exuberant 
mass of granuhtion tissue, which lies between the dura mater and the 
bones of the skull The abscess gives nse to constitutional effects, but 
since its size is small there is rarefy evidence of increased intracranial 
tension or of focal lesions from pressure on the bmn Sometimes, 
however, papillcedema (optic neuritis) occurs 

Extradural abscesses following compound fracture vary in seventy 
with the vimlcnce and the variety of the infection jSot infrequently 
they appear several weeks after the injury and grow slowly to large 
size, giv ing rise to increasing toxaemia and to signs of an increased intra 
crania! prwsure If the infection is virulent, and particularly if the dura 
mater has been damaged at the time of fracture, the leptomenmges may 
become inv olv ed 

When the skin ov er an extradural abscess is unbroken, there some- 
times develops a hard, tender, localized swelling of the soft parts (Pott’s 
puffy tumour), an inflammatory cedema comparable to that seen 
superficial to any acute suppurative process, and without other patho 
logical significance 

An extradural abscess may resolve, but if untreated is apt to extend 
beyond the reactive zone of granulation tissue and to lead to subdural 
infection, leptomeningitis or abscess m the brain 

Acute Leptomenmgitis This may, like extradural abscess, follow 
local infective lesions, or it may follow infection from some distant source 
The latter ty'pe, exemplified in meningococcal meningitis and in the 
meningitis of pneumonia, septicsemm or other disease, does not require 
consideration here 
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Local infection of the leptomenmges is most likel> to arise where the 
dura mater has been damaged, as in a compound fracture or b\ a pene- 
tratmg wound but it maj occur with the dura mater intact. The 
condition is grave, for the whole subdural space is usually invaded 
Occasionallj, however, if the infection is less virulent, adhesions 
form and lead to resolution of the disease or to a localized subdural 
abscess 

Thrombophlebitis of the Venous Sinuses This is a grave and often 
fatal affection The charmel most often affected is the laUral ftnus 
which owes its susceptibility to its close relation to the middle ear The 
disease usually folJon^ ostcomjelitis of the mastoid bone secondary to 
otitis media, and the sinus maj be infected bj direct continuity or 
along one of its small tnbutarj veins As a result of the infection the 
endothelial Immg of the smus becomes inflamed and thickened, and 
thrombosis occurs bloekmg the lumen The thrombus being infected 
undergoes suppuration and soflenmg and consequently is very apt 
to break down and to cause general p%£mic dissemination The 
thrombosis may extend down the interna! jugular sein which may 
then be felt as a firm tender cord in the upper part of the neck Abscesses 
may form m the soft tissues around the vein and the cervical lymph 
glands are enlarged and tender The infection may spread in other 
directions and lead to meningitis and cerobrel abscesses 

The cormicur rtnttr may be infected from the lateral sinus or from 
septic lesions m the soft tissues of the face or orbit, by thrombosis 
spreading along the angular rein or by way of the pter%goid \enous 
plexus It IS to this complication that insect bites en'sipelas boils 
and carbimcles in the region of the upper tip and cheek owe their 
especial danger Smee the two casemous sinuses ere directly connected 
across the mid line the infection rapidly becomes bilateral Obstruction 
of the senous pathwas and the local effect of the intense inflammation 
combine to cause great congestion and oedema withm the orbit and m 
the eyelids and face The infection mas lead to paraly sis of the third 
fourth and sixth cranial nenes which lie in or in the wall of the sinus 
and thus give rise to ptosis squmt and ophthalmoplegia Tlie infection 
if unchecked tends to spread along communicating senous channels and 
m all but a few cases is rapidlv fatal 

The superior lagttial stnut is only rarely affected and then usualh 
from septic processes in the skull or scalp Its pathological features 
do not differ from those seen in other smuses 

Abscess of the ftrain. An abscess in the brain may be due to direct 
bactenal mvasion from some local suppuiatii e process or to hsemato- 
gecous infection from some distant source Tlie former is b\ far the 
commoner mode of ongm 

Abscesses due to local suppuration are most often attributable to 
disease of the middle ear and the abscesses are situated in those parts 
of the bram that Lc nearest to the primary focus namely , the temporal 
lobe or cerebellum An abscess in the temporal lobe is usually situated 
in the white matter of tlie centrum osale It is generally attributable 
to spread of the infection through the legmen tyinpani and there is 
often extradural and subdural suppuration m the same region In other 
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cases there i!> no evidence of direct extension, and it may be presumed 
th it the infection Jins been enmed along communicating veins A 
ctrcbellar abscess, nhich usually lies on the same side as the diseased 
ear, is often secondari to phlebitis of the signioid portion of the Interal 
sinus, to nhich it is closelj related 

JIuch less often tlic cause of the abscess is to be found elsewhere 
than the middle ear Suppuration of the frontal sinuses occasionally 
leads to abscess in the frontal lobe, and rarely septic osteomyelitis of 
one of the skull bones Ins a similar sequel Injuries to the skull and 
brain provide a portal of entrj for organisms, or infection may be 
introduced at the time of injur>, and if foreign bodies such as portions 
of clothing or fragments of shrapnel are also introduced an abscess is 
especially hkcK to occur 

The character of the abscess depends upon the virulence of tlie 
infection If acute, the abscess is ill defined, and is more correctly 
regarded as a spreading suppurative encephalitis A chronic abscess, 
which IS more common, becomes surrounded by a capsule of firm 
fibrous Jieuroghnl tissue, and may remniu latent for many weeks The 
abscess is usually single, and of small size Its purulent content is 
usuallv thick, foul, and of greenish vcWow colour, but it may be dark 
brown from admixture mtb broken down blood clot Stapliylococci, 
streptococci or pneumococci may be present, but often the pus appears 
sterile when tested by ordinary cultural methods 

MetasIcUie ebseesses, due to luemalogenoiis infection, ore not 
infrequent in the course of general pyicmic and septiciemic states, and 
ere then usually small and multiple Abscesses may, however, occur 
quite apart from general py •emia, and in cases where there is no other 
evidence that the infection has gained the blood stream This occurs 
most often as a complication of mtritboracic suppurative diseases, 
bronchiectasis, abscess of the lung, or chronic empyema, and it con 
stitutcs one of the risks of operations on infective lesions within 
the thorax It seems Iikclv that the special relationship of thoracic 
disease to brain abscess may be explained simplv upon the anatomy of 
the circulation, for minute mfecteil particles set free m the pulmonary 
veins pass directly to the systemic circulation Not infrequently 
abscesses following thoracic disease are single They are situat^ most 
often in the cerebrum, and since the infection is virulent they usually 
progress rapidlv to a fatal issue, often b\ rupture into the v entricles 

INTRACRANIAL TUMOURS 

Intracranial tumours include tumours arising from the brain itself, 
from Its membrane, from the pituitary gland or from the acoustic nerve, 
as well as some rare varieties Tumours from these sources vary greatly 
m their morphology, incidence, and life history Many are rapidly 
growing, infiltrating tumours, unresponsive to any form of therapy, 
however early and intensive , others, on the contrary, grow slowly, 
and are amenable to surgical treatment 

The work of Cushing and his associates lias done much to dispel the 
earlier fatalistic attitude towards brain tumours An intracranial 
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neoplasm does not now mes itabh presage death, and m an appreciable 
proportion of cases a complete eradication niaj be accomplished 

Of this latter group the outstanding example is th^ meningioma, 
which if accessible ma\ be extirpated completch and with safetj. 
Tumours of the acoiatic nerve ab>o maj be removed though the 
operation has its special dangers Some of the tumours of the glioma 
group react well to palhalive measures, so that the fatal issue mav 
sometimes be postponed for mans sears 

It is of obsnous importance to have a full appreciation of the vanous 
types of rntracnnial tumour and of the seeondarv disturbances which 
they may set up These naturally vary in form and degree, but all 
types of growth tend, from their situatim within the cranial cantj, 
to have certam effects m common In general, tbej maj affect 
(1) the biam, whether b\ compression, mvasion, imtation, hemorrhage 
or cEdema , (2) the intracranial circulation, of blood or cerebrospinal 
fluid , (3) the skull, by erosion or mvasioa, and (4) the spinal cord, bj 
descening degenerations of the nerve tracts A few tumours maj , in 
addition, affect the meninges, bj mvasion or implantation. IlareJj, 
the mote mahgnant forms maj mvade even the soft parts outside the 
skull, and this is especiallj apt to occur after a decompression operation 
Intracranial tumours practicallj never metastasize 

The relative frequency of different varieties of tumours is indicated 
bv Cushing’s statistics, taken &om an extensive senes of 1,140 cases 
In 43% of these, the tumour onginated m the brain itself (ssnous 
types of glioma, mcluding “ gliosarcoma ” and ** sarcoma ”), 10% were 
pitmtan tumours, meningioma and 0% tumours of the acoustic 
nerve Misoellazeous tumours, including congenital and metastatic 
growths, made up the remaming 17% 

MEMhGIO^lA (Dural Endothelioma) 

A meningioma is a simpl** tumour of slow growth, whicli is dan* 
gerous to life only by reason of its situation m the closed crania] 
cantj It grows from the arachnoid mater (not, as was formerlj 
believed, from the dura mater), and it seems probable tliat m most 
cases it ongmates from the arachnoideal viJli which Ue in relation to 
the large venous smuses [tee p. 260) 

A meningioma is situated most often in the anterior and middle 

Bj reason ot its 

slow growth, which permits compensatory clianges m the bulk of the 
bram, it maj attam considerable size, and at the tune at whicli 
operation is performed it mas be the size of a golf ball or even 
larger Often the tumour is d(»el> related to one of the large v enous 
smuses of the menmges, and often it is extremelj vascular Jfore- 
oier, the vessels m the menmges and bone adjoining are frequenth 
dflated, and consequentlj hemorrhage at the tune of operation 
maj be profuse OccasionaQj the tumour is less vascular and more 
fibrous, and it may then become calcified [psammoma) 

A moungioma may extend deeplj towards the brain or super- 
ficially through the dura mater and the skuIL In extending deeplj 
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it indents nnd disphces the bmn but never tmadcs it, and consequentlj 
vihcn accessible it mij be enucleated entire Sometimes it is sessile, and 
IS atlaclied to the arachnoid mater bj a broad base, but even when 
pedunculated nnd almost buried in cerebral tissue it alwa>*s retains a 
definite capsule The dura mater superficial to the tumour is first 
thickened by reactionary fibrosis and later imaded, nnd eventually the 
cranial hones also are affected 

The effects of a meningioma upon the overljing cranial bones are 
characteristic and important The bone is sometimes invaded by 
tumour cells, but more commonly it undergoes changes from pen 



FiQ 1-1 Vlcnlnffionin (durst eodolbeliooia) The tumour denved from 
the arachnoid mater has compressed and indented the brain but has 
not imaded it- Sole the lobulaled ehataeter and the vascaUnly of 
the groirth (After Crui «lh cr ) 

neoplasmic Ji j perainiia At first there is a simple erosion, so that a cup 
like depression, sometimes bounded by projecting osteophytes appears 
on the inner table Later tliCTe is often some reactionary new bone 
formation on the outer table, forming a hard, smoothly rounded swelling 
under the scalp Less often bone is formed m perpendicular deposits 
which resemble the “ sun my ' spicules of periosteal sarcoma Seen 
m a radiogram such an appearance is apt to suggest the presence 
of a primary bone tumour and the underlying meningioma may escape 
recognition 

Microscopically, a meningioma is composed of elongated, spmdie 
shaped cells somewhat resembling fibroblasts set m a matrix con 
taming collagen fibrils and hyaline material Commonlj the cells 
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lia% e a whorled arrangement, oftoi around a central blood \ essel 
Larger cells of endotlelial type maj be present Often the blood 
vessels are large and numerous, and there ina% be areas of b-einorrhage 
In some of the less vascular tumours there are spherical bo<lies com 

posed of concentric 
lamuiE infiltrated with 
calcium (ptammoma 
bodies) 

The course of a 
meningioma is charac- 
terized b\ slow and, 
for the most part, 
sjTnptomless growth 
In approxunateh lialf 
of the cases there is a 
bistoiy of an injurj, 
often dehnitels 
locahzed to the affected 
part of the shuU The 
first and fora long time 
the only sign ma% be 
some local disturbance, 
such 05 pain of a dull 
aching character 
locahzed tothe affected 
region, or unilateral 
headache Sometimes 
the mward growth of 
the tumour maj gire 
nse to focal signs such 
as epileptifortn conrubions or, if the tumour hes at the base, an ocular 
paresis In other cases the presence of a bonr swcDing under the scalp 
ma> be tlie rerealmg sign In radiograms the changes described abo\ e 
mav be recognized, and, m addition, if the tumour is ven vascular it 
mav be possible to see dilated vascular channels m the bones 
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ceLs hai e tbe genera] cbaneter of eodotbelial cell*. 
Near tbe centre of tbe whorts tber are sofoewbat 
«p(fldle shaped, aod in other parts tber are larger 
and caore roonded. 


THE GUO'IA CROUP 

This term has been apphed to the tumours hitherto called glio- 
sarcoma and sarcoma and to other lesions, as well as to the simple form 
of ghoma, for it is now recognized that all these tumours, whatei er their 
appearance and behaTiour, are derived from the cells of the supporting 
fabric of the brain, the neurogba The neuroglia, bke the actual nerve 
cells, IS an ectodermal structure, and it is therefore incorrect to label its 
tumours sarcomata True sarcoma is extremely rare, for practieallv 
the onlv mesodermal tissues in the sfcaQ are the blood vessels and their 
supporting framework. 

In the past two decades there have been man\ additions to our 
knowledge of the pathologv and life histoiy of ghomata On the one 
hand, improvements m the staining methods apphcable to nerve 
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tissues, s\hich liase been introduced espeemnj by members of the 
Spanish school of neuropathologists, base rendered possible an 
aceurate appreciation of the histology of brain tumours, and, on the 
other hand, the widespread adoption of surgical measures m this field 
has gi\en a great impetus to fuller in\cstigntion 

Classification of Gliomata 

Bailey and Cushing ha\ e emphasized that in brain tumours, as in 
tumours elsewhere, the more primitive the predominating cell the 
more malignant is the tumour’s behaviour Tumours composed of cells 
resembling adult neuroglia cells are slow growing, and but for their 
peculiar situation uould be non malignant , tumours composed of 
primitn e cells grow fast and kill rapidly The cells of the neuroglia m 
their de\ elopment in the embryo undergo manj changes of shape, form 
and staining reaction, and m tumours the cells may resert to any of 
these primiti\ e forms Thus it is possible to classifv a tumour according 
to the degree of reversion of its predominant cell tj'pe, and the greater 
the re\ersion the more malignant the tumour 

This is the rational basis of Cushing’s classification It has evoked 
much ad\ erse criticism on various pathological grounds, and particularly 
on the grounds that few bram tumours conform strictlj to type, man> 
shosv sescral different stages of cell differentiation, and man> cannot be 
classified exactly in an} of the recognized groups , but m spite of these 
criticisms there can be no doubt that the classification represents a 
great ad\ance upon any previousl} attempted For a proper under 
standing of its basis it Will be necessary to consider bnefi} the develop 
ment of the neuroglia 

Development of Neuroglia Practically all the tissues of the central 
nervous sjstem are derived from ectoderm At the dorsal surface of 
tlie earl} embiy o there appears « raised " neural plate, and this is 
hollowed out as the "neural groove,’’ and later depressed below and 
complctelj separated from the skin surface Tins is the primitn e brain 
and spinal cord, and at this stage it is represented bj a tube, lined bj a 
single lajer of epithelial cells derived from the surface ectoderm the 
neuraCoT medulTary epiOleCium itarei} fiie cei& of a tumour revert to 
this primitive type, and the tumour is correspondingly malignant (the 
so called medullar) epithelioma) 

From this medullary epithelium there develop both the nerve cells 
proper and the supporting framework or neuroglia The nerve cells 
and their immediate progenitors so rarely give rise to tumours that 
their development need not be considered further Almost all brain 
tumours arise from glial tissues, and the development of the glia 
must therefore be studied in more detail The primitive neuroglia 
cell IS the spongioblast, an elongated, somewhat spindle-shaped cell 
that can be identified by its staining reactions with gold sublimate 
Cells of this type are frequently seen in the common malignant glioma 
(gliosarcoma) and this tumour may therefore be called a spongio- 
blastoma 

From this spongioblast stage the developing neuroglia cell undergoes 
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%"arK)US modiScations and eventually attains the adult form the 
caiTocyte This is a star-shaped «dl with long branching spider) 
processes one of which the ** sud^er foot is attached in close relation 
to a capiUarv blood vessel whence its nourishment is derived Astro* 
cytes predominate in the simple glioma^ which maj therefore Ik called 
an astrocytoma. Two tvpes of astrocvte are recognized protoplasmic 
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astrocytes and fibrillarv astrocvtcs and either mav predominate in s 
simple glioma or astroevtoma 

One further cell requires to be mentioned — the indtfferenl ecU or 
uieduUoifail Tim is a small loai^ or carrot shaped cUrk-stainm'^ 
celL Its ongm and function are notdear but it seems probable that it is 
denved from an onginal cell of the medullary epithelium and that it 
IS bipotential able to form cither nerve cells or neuroglia It is con 



scqucjlUj of pnmiti\e t>pc, and its tumours, which nrtic most often m 
the cerebellum, are evcccrlingly malignant (mrdul/oWaJlorna) 

Lastly, there arc tno other structures from ssliich tumours may 
occasionally arise, the pineal gland mid the cpcndjma or lining mem 
brine of the \cntriclcs Both of these tissues arise from spoagwo* 
blasts at an early stage in the development of the brain, and the 
tumours arising from them raaj be regarded as gliomata with special 
characteristics 

Types of Glioma 

The common tumours of the glioma group full into three classes, 
distincti\e both in morphology and clinical course rormerlj Ihcj 
were known respcctuelj ns glioma, ghosareoma and sarcoma Since 
“ sarcoma ” is inadmissible for tumours of ectodermal origin it is proper 
that these terms should be superseded, but it is bj no means eas} to 
replace them The following classification mas be adopted — 

(1) Glioma of slow gronth nstrocjtoma (simple glioma) 

(2) Ghoma of rapid growth spongioblastoma (ghosareoma) 

(8) Glioma Composed mamlj of small round cells medulloblastoma 
(sarcoma) 

In addition, there are rare tumours arising from the pineal bod), the 
epend)ma, and other tissues 

(1) Glioma of Slow Growth Astrocytoma (Simple Ghoma) This 








Flo 124 Vstrocj-toma Smallstirsliaped cells and many larger cells of 

protoplasmic tvpe are seen The flbnUar processes are es idem 
(DfpaHmtnt ef FalAolotf vf aasj9u ) 

tumour IS composed mainl) of adult neuroglia cells or astrocytes It 
IS the commonest neuroglial tumour, and it is relatively benign in the 
pathological sense and of slow growth It occurs at any age and is 
common m the frontal lobes and m the cerebellum, less frequent in the 
other parts of the cerebral hemisphere In adults the frontal lobes arc 
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affected most commonij, whtteas in children the cerebellum is the 
commonest site Tlie tumour forms a fairly firm mass of indefinite 
outline, mergmg indistinctlj into the surrounding white matter of the 
brain It is usually pale and relatively avascular, and is therefore 
liable to central degeneration from necrosis This ma} proceed, 
especiall} in the cerebellum, to the formation of a gUomatous cyst, a 
rounded, smooth walled space of considerable size, contammg clear 
straw coloured fluid Sometimes the cyst may replace almost the whole 
tumour, and onU a few tumour cells remain m the cyst wall 

Jlicroscopicallj , the tumour is composed principally of adult 
astroevtes, nhicli are recognizable m sections prepared by the gold 



Fic Clioma arising from tbe roof of the fourth >entncle The 

tumour im displaced tbe cerebellum aod bns given nse to a considerable 
degree of hydrocephalus 

IDeparlmtni «/ itrfrry Vmnrtr/fef B<t iit'‘r9h ) 


sublimate or other suitable methods as star shaped cells with elongated 
'Cba.vid«K.»i\biJaK wJasJAV/yi. 

may be clear or traversed by numerous fibrils Vessek are few and 
well formed, and mitotic figures are scanty The whole appearance 
often may resemble adult neuroglia tissue and it may sometimes be 
difficult to distinguish the tumour from the surrounding white 
matter 

Tumours of this class are of slow growth, and if the dangers of 
mcreosed uitracramal tension are overcome by a timely and suitably 
placed decompression opening the fatal issue may be postponed for a 
considerable number of years In Cushing’s series the average survival 
period was almost siv years 

(2) Glioma of Rapid Growth . Spongioblastoma (Ghosarcoma) This 
tumour, almost as common ns the first ty^pc, differs greatly in appearance 



glioma 


fi n (1 behaviour. Its 
predominant cell is tlie 
spongioblast, the most 
immature cell of the 
neuroglia scries, and 
the tumour is corre- 
spondingly malignant. 
It commonly aKccts 
adults between the ages 
of forty and fifty, but 
may occur at any age 
from ten to seventy 
years. The frontal 
lobes arc the most 
commonly affected, less 
often other parts of the 
cerebrum. The tumour 
forms a bulky soft vas- 
cular mass, very liable 
to hiemorrhage and to 
central necrosis. It in- 
^ades the surrounding 
cerebral tissue and 





Fio. 120. Malignant glioma (»pongK4>Usln*B»l, 
X 2T5. The tumour i» from •'nj tl 

reproiluoM the pnmiUv c neurngha «th or itor-w 
iilasti. large, darhly staiung. ipiwl]e.«haf«cl rrTt 
terminating at one or both pnl« in wavy 


deslrojs it. Often the 

tumour appears to be cncajwulcd, but this appearance is mWeaihng, 
for the capsule, u Inch consists of brain tissue comprcsserl by the rapidly 
growing tumour, itself contains malignant cells. The tumour usualfy 

docs not invade tlJc 
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meninges, but m rare 
cases after an explora- 
tory operation it inav 
extend and involv e the 
soft tissues of the scalp 
and neck. It does not 
metastasize to disbnnt 
parts. A most im- 
portant effect of the 
tumour is to give rise 
to v\ idespread vascuLir 
changes and cedema in 
the brain. Tliistcdema 
is one of the important 
factors leading to tlie 
early fatal Issue. 

Microscopically, the 
tumour is very cellular. 


Fig. 127. Medulloblastoma. X -JCO A malignant 
tumour of the cerebellum, denved from neuroglia, 
and reproducing pnmitisc glia cells of medullo- 
blast type. 


and very pleomorphic. 
There are round and 
spindle-shaped cells of 
various sizes, so that 
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the growth resembles a rapidly growing sarcoma Often 

giant miiltmuclear cells are present, and there ^ sj'ncj'tial masses 
Mitotic figures, often uregular in form are common The tumour is lerj 
vascular and there are usuallj areas of degeneration and haunorrliage 
The high mahgnanej of the tumour ts reflected in the post-operative 
survival rate, which in Cushmg*s senes avfmged twehe months 
Decompression relieves the mtracranial tension but has little effect on 
the cerebral cedema, and operation, therefore, often gives little benefit 
(3) Ghoma composed mainly of Small Roundt^If* WeduUo-blastoma 
(Sarcoma) This tumour, the third member of the glioma group, is 
mu(ii less common than those alreadv descfibcd, and it has been 
recognized as a distmct type onlv through the work of Bailey and 
Cushing It seems probahic tliat formerly it vfos often regarded as a 
small round-ecU sarcoma It is a tumour of childhood, and almost 
alwavs arises m the cerebellum, either in the *ermis or m one of the 
lateral lobes or m the roof of the fourth ventrjele The tumour has a 
remarkable tendenej to disseminate along the meninges, and numerous 
seeondarj growths ma> coverthe surface of the brain (sarcomalosis 
of the menmges) often obscuring the pnmarv lesion It is a rapidl> 
growmg tumour, and, from its position close to the fourth s entricle, it 
isTcr} apt to cause hjdrocephalusbv obstructing the cerebral aqueduct 
The tumour ts verv responsive to irradiation, adequate exposure 
toJfc ravs or radium may effect a remarkable relief ®fpf*ssiiresvmploms 

Microscopicallr, it is rery cdlular The cells are small, and round or 
carrot shap^, with dcep-staimog nuclei and scanty cvtoplasm, end m 
its whole appearance it resembles a n>und*cell sarcoma Occasionally 
there is a rosette like arrangement The ccUs are believed to be 
meduUo-blasts or “indifferent cells,” the primitive bipotential cells 
derived from the medullary epithelium 

TUMOUR OF THE ACOUSTIC NERVE 

This tumour diHeis both in its nature and m its effects from either 
of the groups of mtracnuiiai tumours already considered It arises 
from the acoustic nerve, from cither its cochlear or vestibular 
fibres, and is a neurmoma denred from the neurile mma sheath {see 
p 314) Not infrequently there are bilateral tumours In rare cases 
one of the various forms of neurofibromatosis coajusts 

The tumour is of slow growth benign and encapsuled, dangerous 
only from its close provimitv to important structures The tumour 
arises usually m that part of the acoustic nerv C which lies immedoatelv 
outside the mam cranial cavity m the mtcrnal acoustic meatus It 
forms a fibrous, grev or greyish yellow mass, firm and solid at first, 
though later with small areas of degeneration at the centre The nerve 
fibres do not trav erse the tumour, neither are they spread ov er its surface, 
but are completely engulfed and lost The tumour slowly dilates the 
mternal acoustic meatus and protrudes mto the cranial cavity so that it 
lies m the angle between the pons and the cerebellum, formmg a more 
or less oval mass whichmay attain along diameter of 8 to 5 ems As the 
tumour arises deep to the point at wlwh the n^e pierces the dura, it 
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is in%*ested in a capsule of nraclinoid. In its expansion it encroaches 
upon tlie major branches of the basilar artery, which becomes incor- 
porated in the capsule. Iltcmorrhagc from one of these \csscls con- 
stitutes a formidable risk at operation. Situatctl as it is in the confined 
subtentorial cavity, the tumour, e\en when small, causes much damage 
by impinging on adjacent structures. Neighbouring nerx cs are stretched 
and paraljscd, the cerebellum is affcctwJ, and, most important of all, 
the pons is dislocated far from its central position, compressing and 
obstnicting the cerebral aqueduct and leading to hydrocephalus. 

SltcroscopicaHy, the tumour is composed of interspersed zones of 
dense and of lax connective tissue. In the dense arcus elongated 
or spmdie-shnjjcd cells 
are buried in a dense 
interlacing fibrous 
stroma. The cells arc 
for the most part 
scanty and scattered 
diffusely, but they 
may be numerous and 
arranged in whorls. 

The nuclei usually 
present a palisade 
arrangement. Inter* 
spcTswl irregularly in 
small patclies arc 
areas of lax connec- 
tuc tissue uith a 
loose reticular and 
almost mjTcomatous 
appearance. 

TTiff effect of the 
tumour are character- 
istic, and are clearly 
reflected in a striking 
chain of clinical 
features. For a long time the only effect is interruption of the fibres of 
the two diMsions of the neoustic nerve, and cither the cochlear or the 
vestibular division may be affected first. There is therefore a liistory 
that for a period of years there has been progressive unilateral deafness, 
often isntli tinnitus and some giddiness. 

As the tumour expands the internal acoustic meatus, and begins to 
encroach upon the cranial ca\ity, it may cause pain, of a dull, aching 
character in the suboccipital region and below the ear. 

'iVith further increase m size the tumour affects other cranial nerves, 
which become stretched out by the dislocation of the mid-brain towards 
the opposite side. The trigeminal nerve is usually the earliest to be 
affected and there may be numbness or a sensation of burning in 
the field of its distribution. Involvement of the facial nerve may 
later lead to some degree of facial paresis. The abducent nerve, 
though close to the site of the tumour, escapes damage at first on 



I'lo. J28. Acoustic neuroma. X 275 The tumour 
js co»ni»osed ot leashes ot spindlc-sh.apcd cells 
resembling the cells of the neurolcmma sheath. 



capOIarr The dilated 
TcsscU are situated on 
the surface of the brain 
generally over one cere- 
bral hemisphere There 


enlaigemmt of a single 

Fig l2y Efendmia] gl^tca. y 5*^ Tbe tumour s'essel, a tangT“d van 
ts denved from ogurogta cells aod reptodoces the coSltv of several 
pmmtrre strurtare of the cpcndTtnal Lnnv* mns- ^ i 

bnac «r Or -ralncW ^ of IbTSn, “ “^P’' 

amseed m pahsade fashioQ round • vrmCnnar cated raceniosc dllata 
rjate Near tte fcft margin IS • pseod<y*osrtte tlOa extending Wldelv 
over the surface and 

aI«o deepK into the substance of the bram 

Such malfonnatjons mav gne rise to attacks of Jacksonian epilep»% , 
to unilateral exoplithalmos and to ircieased intracranial tension witli 
papilla-dema 4n art»ial angioma, or a senous one that bjai; acquired 
secondaiA communication with the artenal svstera, mav give nse to 
a bruit which though not so loud as that caused bv an arteriovenous 
aneurvsm, mav vet be distinctlv audible with a stethoscope 
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(2) The angio-blastoma is a true tumour composed of cells of 
nugioblastjc ongm It is situated almost nlnajs in the cerebellum, 
gcnerallj near the midhne close to the posterior end of the fourth 
^ entncle. It may be solid or cystic Three tj pes are recognizable on 
microscopic examination, according ns the structure is mainly capillary , 
mainly cellular or mamlj ca\ emous In its clinical course, it resembles 
closely and is mistaken sometimes for simple glioma 

Dermoid Cyst. A dermoid cyst inside the cranium is rare It 
may arise either in the brain, especially in the cerebellum, or m the 
subdural or epidural space and may grow slowly and e\entually attain 
large size Occasionally an extradural dermoid cyst communicates 
through a small aperture in the bone nith a cyst in the soft tissues of 
the scalp or face, especially at the external orbital margin 

Tumours of the Pmcat Gland These arc of the nature of gliomata 
or teratoma Both x aneties affect young adults, usually of the male 
sex They do not grow rapidly, but from their situation may tend 
eien when small to obstruct the cerebral nqueduct and to lead to 
hydrocephalus Tlie first and often the only one, may be tint of 
increased intracranial tension Sometimes, and especially m the 
case of a teratoma, there is some degree of sexual precocity , which is 
belle^ed to be due to an increased functional activity of the gland 
Tumours of the Ependyma The ependymia, the lining membrane 
of the Tentricles, is derived from spongioblasts, winch early in their 
histogenesis become differentiated from the cells destined to form 
the neuroglia Ependymal cells are characterized by the possession 
of cilia and tiny, rod like, deep extensions of their protoplasm— 
blepliaroplasts Both these ebaractemtics may be reproduced m the 
tumours Ependy mal tumours occur usually m relation to the fourth 
ventricle ^cy are of slow growth but lead rapidly to obstructive 
hydrocephalus They may be found, rarely, m other parts of the 
ventricular sy stem 

Sarcoma It seems probable that a true primary sarcoma in the 
brain is of extreme rarity, and that the majority of tumours pre* 
viously regarded as of that nature arc ghomata A true malignant 
mesoblastic tumour may arise from the perivTiscular connective tissue 

to the bram 

Tuberculoma. This is a tuberculous mass, either a solitary follicle 
or, more commonly, several confluent nodules It occurs most often m 
children, and usually affects the cerebellum or the frontal lobe, and 
forms a lump which at first is firm and rounded, but later caseates 
It may attain the size of an egg, and, especially when situated in the 
cerebellum, giv es rise to clinical features which may simulate those 
of a tumour It commonly leads to a fatal issue by infecting the 
meninges In rare instances it becomes totally calcified 

Gumma. A gumma originates in, or close to, the meninges as single 
or multiple nodules The nodules are grey or greyish red, and, m their 
progress, they resemble gummata elsewhere They tend to undergo 
central softenmg and, later, to heal with the production of much scar 
Ussue and with serious cerebral impairment 
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EFFECTS OF EtTRACRAJiTAL TU'IOURS 

The s>-inptoms of intracranial tumours fall natoralh into two 
groups— those due to the local effects of the tumour upon the adjacent 
bram and monbranes and those which result from an increase of 
intracranial tension 

Those of th^ first group are the focal symptoms which sarv 
with the situation and character of the indisidual tumour Their 
consideration would include the whole subject of topographical diagnosis 
which is outside the «cope of the present work. 

The second group includes the classical triad, headacle, somiling 
and papillcedema (optic oeuntis), and also giddiness, eonimlsioiis, 
changes in mentahtv, and the signs charactenstie of hs'popiluitansm 

Headache mas be due either to localized pressure of the tumour 
or to a general increase m the intracranial tension Local prosure 
pam is most charactenstie of meiungioma or it mas occur when an 
acoustic nerve tumour expands the auditory meatus The pain is 
usually localized to one side of the bead or even to a particular spot, 
and, in the case of a meningioma, there may be tenderness on pressure 
Subtentorial tumours sometimes give nse to pam tefmtd to the nape 
of the necL. Headache from mereased rntracranial tension is most 
severe with tumours that lead to internal hydrocephalus, such os 
tumours of the acoustic nerve, the cerebellum and the fourth ventricle 
The pain u parozvsmal, worst at night and m the earl> morning and 
IS precipitated bv any action such as coughing straining or pressure 
upon the veins of the nech, which wiU lead to an mereased tension 
inside the skull Cerebral <^ema is probably an important cause of 
headache 

Vomtitng like headache, is most frequent at lught and m the earl^ 
monung It is probablv due to increased intravcntneular pressure, 
which affects the vomitmg centre of the medulla It is most frequent 
when internal hydrocephalus is present 

Papillcedema (optic oeuntis) is a state of venous congestion of the 
optic disc and retina It is due, m all probabilit}, to compression of 
the central vein of the retina as it leaves the optic nerve atui passes 
across the subarachnoid space of the optic sheath It is most obvious 
with tumoursofthetempo^ lobe, thece-eb-Uum and tl e fourth ventricle 
“laA tmej be ■sfcefCSA va vefewiV-itaV warSmfi Vamtrars Tne op'cic cup o1 
the retina, normally depressed below the surface, filk up with cedema 
and mai even project above the general retina! surface The 
(edema spreads to the retina around it the veins become greatlv 
engorged hjemorrhages may occur and eventuallv secoidarj optic 
atrophy develops Vision maj remam ummpaiied for a long lime 
but eventually there may be total blmdness 

Giddinees maj be a symptom of general mcrease m pressure or it 
maj result from a direct effect of a tumour upon the apparatus of 
equilibration It is seen most often with tumours of the acoustic nerv e 
the cerebellum and the pons 

Hypopiiuiiantm is a secondary effect of an mcrease of rntracranial 
pressure, and is especialK common when the tumour lias given nse to 
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a state of internal h% drocephalus Tlicfloorof the third \entnclc dilates, 
exerts pressure upon tlic base of tlic^skull, and leads to erosion of the 
clmoid processes and flattening of the pituitary fossa Either from direct 
pressure upon the gland itself, or from obstruction to the flow of its 
secretion into the cerebrospinal fluid, there results a condition of 
hNpopitiiitnnsm, iMtli obcsitj, poljTina, increased sugar tolerance and 
scMial infantilism The cff‘^t of mlrocninial tumours upon the pituitary 
mav be demonstrated in radiograms, for erosion of the clmoid processes 
and cnhrgement of the pituitary fossa are urll recognized radiographic 
signs of increased intracranial tension 

Ajfeciions of the crantaf nerres ma\ result from h> drocephalus 
Thev arc behc^cd to be due to stretching of the nerves from downward 
displacement of the bram The abducent nerve is mvobed most 
commonlv, occasionally the trigeminal and rarely the oculomotor and 
facial It IS important to recognize that these disturbances are merely 
eiidenee of intracranial hiTiertension They are of no lalue m the 
localization of the tumour 

DISEASES OF THE PITUITARY GLAND 

It IS a cause of wonder that so small an organ as the pituitary gland 
should play so important a part in the grovsth of the body and itsmcta 
holism The gland is connected by the infundibiiJum to the tuber 
cmereum of the floor of the third v cntiacle It is little larger than a pea, 
yet it exercises, through its internal secretions a profound influence on 
growth, sexual functions, metabolism, etc 

It consists of four parts — anterior, mtermeihate, tuberal, and 
nervous — which differ from one another m derivation, in structure, and 
probabU in function The pars anterior is usually spoken of as the 
anterior lobe, and the pars intermedia and pars nervosa together as 
the posterior lobe Between the two lobes there is a cleft like space 
whidi contains glairy fluid The pars anterior and the pars intermedia 
are ectodermal m origin, and arise from a tubular protrusion of the oral 
epithelium The pars nervosa also is of ectodermal origin, but is 
dens ed from tlie neural cctoilerm, and arises as a downgrowth from the 
'floor ol Vne fturd v entric'le 'I'hc jiars V^ubcra^is is formed Irom a separate 
outgrowth of the oral ectoderm, and in some animals it remains separate 
from the rest of the gland 

Histological Structure of the Pituitary Gland 
The pars anfenor is composed of two distinct kinds of cells — clear 
and granular The clear cells are known as chromophobe cells, and the 
granuhr as chromophil cells Hicre arc two ty^ies of granular cells — 
basophil and eosinophil , both ore denv ed from chromophobe (mother) 
cells and by special staining methods transitional types of each can be 
recognized Normally the cliromophobes constitute 52% the eosinophil 
37% andthebasophilll®/ of the cdls in the pars anterior Thebasophil 
cells are increased jn number following castration and after thyroid 
ectomy 

The pars intermedia (poorly deieloped m man) is a thin stnp of 
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tissue composed of clear non granular cells^amongst which there are 
resides filled with colloid In places its cells extend into the pars nervosa 
and undergo degeneration to fonn hyaline or granular colloid material 
Thes?^ “ colloid bodies ” pass upwa^ through the pars nervosa and 
are eventuallv set free m the cerebrospinal fluid of the third ven 
tricle The coHoid is therefore regarded as the active secretion of 
the pars intermedia and is probahlv derived from the basophil cells of the 
antenor lobe Its production is greatlv increased after thvroidectomv 
The pars nervosa is composed of neuroglia and ependymal cells It 
contains no cells of a defimtel} neuromc character Devclopraentalh 
and functionally the posterior lobe participates in the compbeated pro- 
cesses attributed to the hvpothalamus, from which it is an outgrowth 
The pars tnberalis is different in structure from the rest of the 
gland It Surrounds the infundibulum and forms a sheath for it, and 
at the base of the brain spreads over the tuber cmeremtu The pars 
tuberahs is evccedinglj vascular and looks not unlike thsioid tissue 
it contains areas of squamous epithelium formed it is bebeved, bj a 
proce<s of metaplasia In lower vertebrates this part of the gland 
controls melanophore activity 

The Functions of the Pituitary Gland 

Knowledge of the functions of the pituitar> gland though still 
incomplete has been greath enhanced b> clinical pathological and 
expenmental observations and it is now proved that the gland occupies 
a dominating position m the endoenne system governing directh or 
indnectlv a surprising nnmber of biological processes 

The antenor lobe provides at least stx or more hormones Thej 
are (1) gonadolropic which controls the development of the sex 
glands and the various phases of the reproductive cvcle The large 
quantities of the hormone found from an eorlv stage of pregnanev in 
the urme and blood arc the basis of the Aschheim Zondek biological 
test for pregnanev (2) Groxih which controls skeletal development 
and the time of fusion of epiphvses (3) Thprotropie suggested b\ 
the experimental observations that hvpophvsectomv causes thvroid 
atrophv whose effects can be controlled bv replacement therapv 
Excessive dosage of extracts of the pituitarv leads to hvperplasia of the 
fhiTOfd and a coadittoa rusentb/aig toxic goitre Adrenoiropic 
which controls the size and activitv of the suprarenal cortex. (5) Lacto 
genie which promotes lactation at the end of pregnanev , and is Iwliev ed 
to confer the mother instinct m animnJs (6) Diabetogente and 
ketogeme suggested by the observations that (o) iabetes disappears 
from a depancreatized animal after hvpophj'seclomv, and (i) that 
injections of antenor lobe extract will produce diabetes and ketonuna 
The posterior lobe may be removed without fatal result, and mdeed 
without demonstrable effect \ erj bttle is knovm of its normal phvsio* 
logical action, but it is believed to partiapate m the important metabolic 
functions subserved bv the hvT»lhaIaniic nuclei The extract of the 
posterior lobe (piludnn) has verv active pharmacological and hormonic 
effects, but its mode of action in normal conditions is not v et determined 
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The extract contains t^o cnsil> separable actnc principles— pifressin 
and oxytocin Pitrcssm raises blood pressure, stimulates peristalsis 
antagonizes insulin and suppresses the diuresis winch follows a large 
intake of fluid Oxytocin is a powerful stimulant of plain muscl?vand 
terminates pregnanej, and in tins property antagonizes the hormone 
of the basophil cells of the anterior lobe of the pituitary 

Manifestations of Disorders of the Pituitary Gland 
In the light of the knoun and suspected functions of the pituitary, 
the origin and features of its diseases ate easily understandable , and 
it IS obMOUs that not the pituitary entirely but other endocrine glands 
cspcciallj the sc\ glands, share m producing the familiar clinical 
sy ndromes 

(1) Pituitary Deficiency (Apituitarism and Hypopituitarism) The 
manifestations of tleficiencj vary according to the extent to which 
activity of the gland is suppressed and the age of onset The anterior 
lobe mav he destroyed in wiiole or in part by septic cmlwlism lenoiis 
infarction sy 7 >hilis c^sts etc Considerable interest is attached to 
necrosis of the anterior lobe It has been encountered most often as a 
complication of parturition iti uhicli there has been severe liamorfliage 
Destruction of the gland is confinevl to the anterior lobe and may be 
patchy or %v idespread The cause appears to be thrombosis of the v eins 
and sinusoidal vessels of the gland with resulting necrosis 

If the disease is survived there may be pituitarv deficiency of any 
degree with features varying according to tiic age of the subject In 
most cases the uterus involutes lactation ceases and there is grave 
asthemia The severer grades of the disease associated with cachexia 
and premature semlitv are dcscnbetl under the title of 5imwo«d s 
Aisease It is of mtijrest to note that in a few instances on the occurrence 
of another pregnancy the pituitary deficiency has disappeared doubtless 
from the result of stimulation of the remaining tissue of the gland 
Less severe grades of deficiency ore much more common They 
may be due to delayed development of the gland, hydrocephalus, or 
the destructive efifects of tumours In children the most striking 
changes are infantilism and adiposity With infantilism the body is 
not necessarily short but is slender The sexual organs are immature, 
secondary sexual characteristics fail to develop, and puberty does not 
occur Obesity may be generalized, or may be localized to the pubic 
area (dystrophia adiposa genitalis) Amemia of microcytic or macrocytic 
type may be a conspicuous feature 

In young adults the most notable changes are depression of the sex 
function and obesity with increase of carbohydrate tolerance In men 
there are depression of sexual activity and genital atrophy In women, 
amenorrheea is often an early mamfestation, and later the genital 
organs involute 

(2) Pituitary Over-activity (Hyperpituitarism) Pituitary over 
activity IS most commonly due to excessive secretion of the eosinophil 
cells (hyperpituitarism) and much less frequently to exaggerated 
activity of the basophil (basophilism) there is a syndrome characteristic 
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of each The latter is often associated vith pathological changes m the 
suprarenal cortex. 

(a) ^Then hyperpituitarism develops during the period of growth, 
gigantism occurs, m later life attomcgals 

In gigantism growth of the skeleton continues bej ond the usual 
period of adolescence, and the epiphyses remain ununit^ In addition, 
the sex organs often remarn atrophic, and the secondary sexual characters 
are under-developed 

In acromegaly the most obvious dianges are overgrowth of the 
skeleton, most definite m the skull and facial bones, and in t!ie vertebral 
column and phalanges The chief changes m the skull are increased 
thickness of the bones and enlargement of the natural ridges In tlie 
face the zygomatic bones become prominent, the mandible enlarges 
(prognathism), and as the teeth do not enlarge coincidently with the 
jaw they may be widely separated KsTihosis in the thoracic region is 
the most notable change in the lertcbral column The phalanges are 
enlarged and exostoses ma\ develop on them 

In prolonged hyperactivity the skin and subcutaneous tissues 
become tbi^ inelastic, and coarse Other soft organs may be en 
larged the nose is broad, the Ups thick, and the tongue hypertrophied 
Internal organs also, €g, the colon, may be enlarged 

(fr) In over activity of the basophil cells ansmg from an adenoma, a 
\ery cbaractenstic syndrome may develofH-the pituitary basophilism of 
Cushing The features of this condition resemble closely those of s 
tumour of the adrenal cortex (tee p COO), and it may be clifRcuIt to 
aseertam whether pituitary or sdr^l gland is responsible 

Howes cr, it has been shown by both biological and colorimetric 
assays of the unne that, especially m females, the androgen output per 
day m the case of adrenal cortical tumours is as high as SoO-SOO inter 
national umts (normal 16 to 80 units) when-os in Cushing’s syndrome 
the androgen output lies within the usual limits or is slightl\ lower 
than normal 

It affects women much more frequently than men The onset is 
fanlv abrupt with a marked increase of the subcutaneous fat of the 
face, neck and trunk The skin assumes a duskv or plethoric appear 
ance, and purple lines atrophic® mav develop Hirsuties is a striking 
feature The patient suffers from backache and abdominal pains and 
IS easili fatted In women amenorrheea occurs cacly, m. men 
impotence There is coraraonlv pronounced decalciUcation of the 
skeleton which mav leadtokvphosis.and m many instances, to fractures 
of the long bones A very constant feature is \ascular hypertension 
and a tendenev to pohcvtlucmia The urme ma\ contain a follicle 
stimulating substance At post mortem, hi-pertroph\ of the ovaries 
the thvroid gland and the suprarenal cortex is commonly present 

(3) Addibonal Signs of Disease of the Hypophysis (a) Diabetes 
insipidus is an inconstant feature, it sometimes results from the 
pressure of suprasellar tumours It is now conceded that the extreme 
polvuria, excessive thirst and em aciation are due to involvement of 
the hvpothalomic nuclei which control water metabolism The pituitary 
mav be destroved or removed without the occurrence of diabetes 
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insipidus, jet c^en if the pituitary is not implicated, injections of 
pituitrm are usuallj effects e in controlling the poljTina Thjroidec 
tomj maj benefit intractable cases 

(6) ^idiposity, though often a \erj striking feature, is an inconstant 
one It IS much commoner in joung subjects It is probable that the 
adipositj IS secondary to atrophy of the sex glands and therefore 
resembles the obesitj that maj follow castration 

TUMOURS OF THE PITUITARY GLAND 
Tumours arc the commonest diseases of the pituitarj gland and 
account for about 15% of all intracranial tumours Tliej are classi 
fied according to the tissue from wliicli Ihej arise, and according 
to their position relative to the gland itself A simple adenoma is 
bj far the commonest It arises m the anterior lobe, and vvhile 
small IS entirely wilhm the sdla turcica — t e , intrasellar It is 
named chromophobe, chromophd, basophil, or transitional, according 
to the pattern of cell which predominates An adeno carcinoma may 
occur but IS exceedingly rare The other common tumours arise in 
relation to the pars luberalis and arc of epidermoid character (cranio 
pharvngioma) and, m exceptional cases, from the intcrglandular cleft 
m the form of a distension c\st of an embryonic \estige (Ratlike’s 
embryonic invagination of the stoniodcum) The epidermoid tumours 
from their anatomical position and their common (though not inv ariable) 
cvstic character, ore known ns suprasellar cysts 
Primary tumours in 

the pars nervosa are ^ 

unknown, but it IS fre 

quentlj the seat of ^ ^ 

metastases ^ *7 .. ’ X 

Pituitary Adenoma 
The adenoma is 
a small tumour, usually 
of pale yellow colour, 
but mz^ become a 
dark maroon from ex 
travasated blood It 
is soft or firm, accord 
mg to the rate of 
growth and, hke other 
adenomata may be 
come cvstic 

The chromophobe 
adenoma is much the 53 © chromophobe adenoma of the h>'pophyss 

commonest tj’pe and The cells are large non granular and uniform in 
occurs between the ages shape and .ije 

of twenty and forty 

years It is composed of groups of clear, non granular cells of an 
embryonic tjTie {see Fig 130), they may be arranged m alveoli, 
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flat sheets, or in papillarv fonnalion The tumour fumishis no 
endocrine secretion, and its patholi^ical effects are due to the 
pressure it exerts on the hj’pophvsis The constitutional effect of 

such a tumour is there- 

” p_~ fore h%'popituitarism, 

in wluch there maj be 
inlubition of both 
growth and matura- 

Tht (toomophU or 
eosinophilic adenoma is 
usuall\ of smaller size 

F IS composed of 

f r,ch\i granular 

resemble the 
normal epithehum of 
V the anterior lobe {see 

V'¥V>.4'.',- Fib 131) Chromo 

“Us «'s» »"= 

^ almost alwa\s present 

j, but the\ are not of an 

embrjonic tyjv The 
tumour, although it 

Fjo 131 Chromophil adenoma of the bvpopb>'sis )n)piQges upon and 

fromacaseofacramegah Tbesmusoidaleharacter ® .v*^ i 

of the normal antenor lobe i» lost. The cells are destro\*s the hypo- 
large and irregular and the ma]ont j are acidopbi] pbtsis, produces an 
endocrine secretion, 

and it IS constant!} associated with the sjodrome hyperpituitarism, 
usual]} et idenced b} marked sex d}’5funclion As it is most common 
after the age of twent} >ears acromegal} js the usual result 

The transitional or mixed adenoma is composed of chromophobe 
cells with eosmoplulic cells in ^a^}lng numbers It is usuall} larger 
than a pure eosmophihc adenoma It destro}s the gland but on 
account of its content of eosmophil cells it mamtams the secretion, with 
the result that there ma} be blending of the features of h}^® and 
hyper pituitansm The common age of occurrence is twent} to fort} 


Fio 131 Chromophil adenoma of the bvpopb}ais 
from a case of acromegal} The amusoidaleharacter 
of the oormal anterior lobe t* lost. The cells are 
large and irregular and the ma]ontj are actdopbil 


}ears 

The basophil adenoma is the rarest type of pituitar} tumour It is 
usuall} small, seldom more than 2 cm in its greatest diameter, and 
therefore pressure effects are laclong Microscopical!}, it resembles 
an eosinophil adenoma, but with special strains the cells are found to 
contam basophil granules The tumour ma} be associated with 
Cushing s stTidrome or “ basophdjsni ’ (see p 606) but the relation 
ship IS not constant, and sometimes a basophilndenoma causes no 
s}mptDms ^Mien present it has been obserred that the basophil cells 
of the gland show degranulation of their c}'top]asm but the cells of the 
tumour are unaltered Tliere is evidence that pnmar} degeneratne 
changes m the h}-pothalamus maj be followed b} h}-alization of the 
of the pituitar} and the features of Cushing s s\Tidrome 
la is exceedingl} rare It is composed of cells 
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of chromophobe tjpe arranged m irregular groups or solid cords, 
it IS Very vascular, and cystic degeneration frequently occurs in it 
The tumour destroys the hypophjsis imodes the cranial bones and 
ner\es, and causes paraljsis Aletnstases may occur m the liver and 
elsewhere Host cases hav e occurred after the age of forty fiv e j ears 
€>•$15 of the Interglandular Cleft (or Rathke’s Pouch) In rare 
instances a evst inaj develop in connexion nith the epithelial lining 



Fio IS** 1 itiularv adenoma >.ole tl e expans on of t) e sella turcica 
(Uji tovrtfrr ef Dr Srafl nart ) 

of the interglandular cleft It is lined with a single layer of columnar 
epithelium which may be ciliated The cyst is mtraglandular and 
intrasellar in origin and therefore destro>s tlie gland and by extension 
may produce local pressure effects 

The Local Effects of Adenoma of the Pituitary 
Grov. th of an adenoma is much restricted bj the bon> boundaries 
of the sella turcica and its dural roof — the diaphmgma sell® It is 
therefore not surprising that the gland is gradually compressed and 
destroyed bj the expanding tumour In its attempt to secure accommo 
datjon the tumour expands the bony walls of the sella turcica which 
in a radiogram shows a characteristic globular distension {see Fig 132) 
Finally, the bone may be eroded so that the tumour projects into the 
sphenoidal air sinus and may lead to epistaxis and phar>'ngeal dis 
chaige lateral expansion of the tumour compresses or displaces the 
cavernous venous sinus and may paraljse the oculomotor or the 
abducent nerve occasionally the ophthalmic and maxillary divisions 

10— S 
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of the trigeminal nerve are affected Upward extension causes stretching 
and occasionally rupture of the diaphragma sellse, and when that happens 
the tumour may impinge on the optic chiasma As a rule it is the nntero 
inferior part of the chiasma that is subjected to pressure, and primarj 
optic atrophy with blindness occurs The characteristic change in the 
visual field is bitemporal hemianopia manifest first in its upper lateral 
quadrant At a later stage the hypothalamic region and the uncinate 
area of the hippocampal gyrus may be indented by upward and lateral 
extension of the tumour, and somnolence and other effects referable to 
pressure on these structures are produced Only when the third 
ventricle is compressed or the aqueduct obstructed do signs of increased 
intracranial tension become evident 

Suprasellar Epidermoid Tumours (Craniopharyngioma) 

The common suprasellar tumour is of epidermoid character It is 
commonest in youth and over 75% occur before the age of forty years 
The tumour arises above the diaphragma sell® in relation to the pars 
tuberalis ft-om islets of squamous cells withm that structure Whether 
the cells are embryonic rests or developed by metaplasia has not been 
fully settled 

The tumour is usually cystic but may be solid At the base of the 
cyst there is generally a warty projection Histologically, it is of epider 
mold structure, most often well differentiated with keratinization and 
cell rests, sometimes of basal celt type, and rarely of enamel cell type 
(adamantinoma) Fatty substances are frequently present m the stroma 
and their calcification (wluch is present m 85%), affords a signiRemt 
sign in radiographic interpretation 

A suprasellar tumour usually begins just beneath the aperture of 
the diaphragma sellce, and, at this point, lies within the cistema chias 
matis As growth proceeds it bulges upwards rather than downwards , 
on an a\erage it has the dimensions of a walnut but may be very much 
larger 

A suprasellar cyst has no endocrine secretory faculty and its effects 
are referable chiefly to pressure At an early stage it impinges on the 
hypothalamus, and therefore polyuna is an early symptom Later 
there may be compression of the optic cbiasma and the pituitary, and 
the combined effects may result in Frohbeh’s syndrome and diabetes 
rtisipicfus Ibe a'orsum seffs ancf tfie cfinoid processes may 6e erorferf 
as a result of pressure and, in a radiogram, such changes may afford 
valuable evidence in diagnosis 

Surgical Aspects of Pituitary Tumours 

Suprasellar tumours bulge mto the subarachnoid space and impinge 
on the mid bram, the optic nerves or cbiasma The tumour may be 
very firmly adherent to the margins of the sella turcica Removal of 
a suprasellar tumour is only possible by an intracranial operation, 
and when it is situated laterally or far back access may only be 
obtained by sacrifice of one of the optic nerves In operating care must 
be exercised to avoid laceration of the floor of the third scntncle an 
accident which usually proves fatal 
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In pituitarj adenoma operation is designed to relieve headache 
and to prevent or relieve blindness In a few cases progression of 
endocrine disturbances raaj be prevented For preference, the tumour 
IS approached from wjthm the skull and an attempt is made to remove 
the greater part of it. \\Ticn an adenoma is of slow grovrlh and has not 
dev eloped an intracranial extension, and especiallj , as m acromegaly, 
when the subject is in poor condition, it is most easilj dealt with bj 
the transphenoidal route, which permits of a partial removal of the 
tumour and affords a decompression of the expanded sella turcica In 
rare instances tumours bulge into the third ventricle and are onlj 
accessible tid the frontal lobe and lateral ventricle. 
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CHAPTER XIV 

DISEASES OF THE SPINE AND SPINAL CORD 
SPINA BIFIDA (Rachisdusis) 

The spinal cord, like the brain, is dern ed from the ectoderm of the 
dorsal surface of the emhr}o A strip of ectoderm, the neural plate, 
becomes raised abo^e the general surface, and then in succession 
hollowed out as a groove, depressed below the surface, and folded 
sagittallj to form a tube This neural tuhe later becomes further 
depressed, and then separated from the surface ectoderm by an in 
trusion of mesoderm growing in from either side The processes of 
tubulation and of separation from the skin surface are completed last 
in the lumbar region, and it is here that dewlopmental anomalies are 
most common 

There ore many types of spuia bifida, but some of these being 
incompatible with life are of interest onlj to the teratologist, and for 
practical purposes a simple classification will suffice 

(1) Complete Rachisdusis. Thvs is a gross abnoTrQaltt> resulting 
from failure of development of the whole length of the column The 
cord faib entirely to separate from the superficial ectoderm and remains 
exposed to the surface m a shallow gutter in the midline of the back 
The condition is mcompatible with life 

(2) Partial Rachisc^is This type includes all the less extensile 
defects that miolve only a limited portion of the cord The defect is 
most often situated m the thoracico-lumbar or lumbo-sacral region, 
rarely m the cervical region It may be a severe lesion, mcompatible 
with life, or may be so small as onlj to be discoiTred on careful cxamina 
tion Three prinapal varieties and two rare ones are recognized 

(o) M>elamemngocele This is a gross deformitj, and often the 
child IS still bom or dies witbmafewdajsof birth There is a defect of 
the vertebral laminie and spmes and m the soft tissues over a limited 
area, usually m the tlioracico-Iumbar region, and the coni in this part 
of its course lies m its primitive position close to the skm surface 
Three or more of the vertchiw are usually affected The spinous 
processes are absent, the laminae are represented merely by short 
stump like projections, and the vertebra! canal consequently forms a 
shallow trough with no posterior walk The cord, which at higher levels 
lies normally in the vertebral canal, at the position of the defect comes to 
he more superficiallj In some cases it lies completelj exposed m the 
floor of a shallow gutter, and it thm has a raw red appearance as of 
congested granulation tissue This variety is sometimes known as a 
myelocele 

In other cases the cord is raised on the surface of a cystic swelling, 
which IS soraelunes of large size Smee this is the type most often seen 
surgically it reqiures a fuller description The protrusion is situated 
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in the midlinc, where it forms ft somewhat oval and irregularly lobulated 
sessile mass, in the summit of whicli lies the nbnomially placed cord. 
The cord, retaining the shape of the embryonie neural plate, forms a 
flat, plaque-like strip of tissue which is evident ns on oval area, bluish 
or congested — the area meditUo-vaseulosa. In some cases this area is 
covered with a thin layer of epidermis, with which it is closely fused. 
In other areas, epidermis is ladcing, and the nerve tissue is cov'ered only 
by soft red granulations. Near the upper end of this area there is some- 
times ft small orifice, which represents the termination of the central 
canal of the cord. For the first few days of life a little cerebrospinal 
fluid may escape here, but the orifice is soon closed by cedema. Occasion- 
ally a similar orifice is present at the caudal end. 

Around the area mcdullo-vnisculosa and continuous with it lies the 
zonn epiikelio-serosa, wiiieh represents the area of fusion of the skin 



the fllaments of the cauda equina pass deeply to gain the vertebral 
canal Note the expanded lignmenlum denticulatum. 

froier ) 

With the membranes lining the sac, tlie dura mater and arachnoid. It 
IS thm and often of bluish colour, and laterally, where it gradually 
merges with the surrounding skin, there are often small telangiectases 
and epithelial overgrowths. 

The sac may be unilocular or multilocular. It contains cerebrospinal 
fluid, and on its deep aspect it communicates with tlie spina] subarach- 
noid space, of which it is merely a greatly enlarged portion. The cavity 
is traversed by pairs of nerve roots, which arise in the abnormally 
placed portion of the cord and proceed deeply to the vertebral canal to 
gam exit through the intervertebral foramina. Each nerve, as it 
traverses the sac, is supported by a fold of arachnoid, ivhich attaches it, 
as by a mesentery, to tlie sac wall. The sac is also partly divided into 
compartments by the ligamenta denticulatn, which form broad sheets 
that pass backwards on either side of the midline. Sometimes at the 
lower end of the sac the cord is reconstituted and re-enters the spinal 
canal. More often, however, the termination of the cord lies in the •sno 
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and the fibres of the cauda equina pass deeply to gam the canal and their 
proper exits 

A myelomeningocele is often accompanied b> other defects There 
are usuallj deformities of the Iowa* limbs or paralj ses resulting from 
failure m the development of the cord and there maj be such unrelated 
lesions as hjpospadias cleft palate or liare lip Hjdrocephalus is often 
present The treatment is aery onsatisfactorj , for though it is tecli 
nicallj possible to replace the oord in its proper position this does not 
rectify the associated paralysis MQreo\€r, the operation itself is a 
severe one for a j oung infant and since the surface of the exposed 
cord cannot be sterilized, meningitis often supen enes 

(6) Meningocele This is a rather uncommon deformity It may be 
likened to a herniation of the meninges of the cord (arachnoid and dura 
mater) through a gap in the bones and soft parts The cord itself is 
unaffected and lies in its bony canal and the nerve roots usually lie 
in their normal position 
The spinous processes of 
the affected sertebne 
usually two or three in 
number, are absent, and 
the laminte are represented 
merely by short projections 
on the posterior surfaces 
of the transseise processes 
The membranes project 
ing through this gap form 
a cyst like swelling under 
the skin m the midline of 
the back Typically, the 
swelling IS covered by thin 
skin which may be scarred 
m places It contains cere 
brospinal fluid and is translucent Usually there is no associated 
paralytic lesion but h\ drocephalus or other congenital deformities may 
be present 

(c) Spma Bifida Occulta Here the obvious defect is minimal The 
cord IS completely formed and bes m its bony canal and the membranes 
are intact but the spines and lammae of one or more vertebrie are 
abnormal Sometimes the spines are absent and the lamina: defective 
and there is a palpable defect m the midlme of the back In other cases 
the spmes are bifid The skin surface may be of normal appearance 
but often is dimpled and there may be ddated vessels a tuft of hair or 
small fatty or fibrous tumours 

The defect may gise nse to no symptoms and remain unrecognized 
except perhaps on chance cinucal or radiographic examination or it 
may lead to paralytic deformities of the lower limbs such as pes cavus 
or other forms of tahpes These deformities usually deielop during 
adolescence and are often bilateral 

The paralytic effects are attributable to the presence of the membrane 
retimms a tough fibrous band passmg from the deep aspect of the 
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skin to the membranes of the cord In early life the meinbrana reuntens 
remains lax and causes no symptoms, but during adolescence or early 
adult life it fails to keep pace with the growtli of the rest of the body 
and with the slight upward mo\ement of the cord m its canal, so that 
traction maj be imposed upon it The dura mater, to which the 
membrane is attached, is drawn superficially and slmgs the cord in 
that direction Thus the pull of the manbrana reuniens is transmitted 
to the anterior part of the cord, which is compressed, and consequently 
the paralj tic phenomena arc almost entirely motor Trophic changes 
in the skm, especially of the feet, arc common 

(d) Synngoccle (Sj nngo 
mjelocele) In this rare 
anomalj the cjsthke swell 
ing represents a greatlj dilated 
portion of the central canal of 
the cord, and the cant) is 
consequently linwl b) modified 
compressed ner% ous tissue 

(e) Anterior Rachiscfusis 
This IS an exceedingly rare 
form of rachischisis in which 
the sac protrudes anteriorl), 
through a defect m the 
\cTtebral bodies It ma) 
form a protrusion m the 
abdomen or pelvis and be 
mistaken for a tumour or 
c)st It IS rarely compatible 
with life and is not amenable 
to treatment 

SPONDYLITIS DEFORJIANS 

This title mcludes a variety 
of diseases of the spinal 
column characterized bj \arj 
ing degrees of stiffness and 
pains m the back In some 
cases the disease affects young 
adults, causmg much pain and 
progressing to complete no 13j Spondjhtis deformans The 
rieiditv of the back with ^erteb^al column is ankylosed in a posi 

1 1 j 11. _ .L tion of kyphosis There are osteo- 

marked disability, in others arthritic changes m the inter\ertebral and 

it affects elderly persons, giv costo-vertebral joints and the vertebral 
ms nse to the rounded shoul 

ders, bent back and stdfcess a -irnty 

so common m old age 

Sometimes a cause is to be found eg t & dental focus of infection 
or a gonococcal prostatitis , more often the origin of the disease can 
only be ascribed to chronic degencratiye changes or to repeated 
trauma 
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Two mam tj-pes maj be recognized the ostco arthritic and the 
anTxvlosmg types 

Osteo»arthnlis of the Spme Tlus disease maj occur alone or in 
association with disease of other jomts, and it is generallj i^arded 
mereli as a special t\-pe of osteo-arthnlis with certam special features 
related to the special anatomy of the spine The disease commonl} 
occurs in clderlj people The articulations arc affected prunard} , 
later the ligaments and the interrertebral fibro-cartilages inav be 
involved In some cases the disease effects multiple intervertebral 
jomts and also the costo- vertebral joints , in others, and more commonlj 
it is localized to one part of the column, particularly the lumbar segment 
The articular cartilages and bone are eroded and chondro-osteophstes 
develop at the margins Often also exostoses arise from contiguous 
margins of the vertebra! bodies and project lateraliv as sharp spurs, or 
bndge the gaps between adjacent bodies The intervertebral fibro- 
cartilagcs undergo gradual absorption and become thinned, as though 
from pressure, while not mfrcquenllv the \erlebral bodies become 
wedge shaped I crj rareh the ligaments of the vertebral column 
become ossified 

Arthritis of the spme causes stiflhess of the baeV and ina% cause 
“ rheumatic " pauis, svhich are accentuated b} climatic changes or by 
sudden twisting movements Often the pam is referred to the distnbu 
tion of sensory nerves, particularly the sciatic nerve These effects are 
usually ascribed to pressure of osteopby*tes on the neiv es as thei emerge 
from the intervertebral foraouna, hence the special tendenc\ to ui>olve- 
ment of the fourth and fifth lumbar roots of the sciatic, which are large 
nerves almost filluig the boD\ canals 

Spondylitis Ankylopoietica This very disabling disease generally 
occurs in young adults, especially to males, and gives nse to severe 
persistent pam and mark^ ngidity of the spinal column It may 
progress Tapidl> until the whole spine — and the sacro iliac jomts and 
sometimes also the hip jomts — are completely ankylosed, or it may 
take a chronic course with remissions lasting many months or years 

The first signs are often seen m relation to the sacro Qiac jomts , 
later all the mtervertehral and costo vertebral jomts may be involved 
The jomt cartilages are eroded and the bone adjacent undergoes rare 
faction, and this is later followed by osseous ankylosis, so much so that 
eventually m radiographs no trace of the joint ouUme remains The 
mtervertehral cartilages also are thinned, while exostoses projecting 
laterally bndge the gaps between contiguous lertebra;, givmg a radio- 
graphic appearance often compared to a bamboo stick The disease 
responds very tavourabh to nradialion by X Ta^ s 

AFFECTIONS OF THE INTERVERTEBRAL DISCS 

The m^estigations of Schmorl base focussed attention upon certam 
affections of the inters ertebral discs which had not presnously been 
recognized A disc consists of three portions There is a penphera! 
ring, the onnulus fihrosus, composed of tough fihro-cartilage firm]} 
attaclied to the i ertebral bodies and to the anterior and postenor 
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longitudinal ligaments On the two surfaces of the disc are thm plates 
of hyahne cartilage, which are set directly in contact with the spongy 
bone of the %ertebral bodies These plates serve a double function 
acting as epiphjsial cartilages for the \ertebral bodies as well as retain 
ing capsules for the nucleus pulposus 

The nucleus pulposus the third element of the intervertebral disc 
IS contained within the annulus and between the cartilage plates It 
forms a semi gelatinous mass consisting of loose fibrous tissue containing 
scanty cartilage cells and large multinucleated cells (rudiments of the 
notochord) set in a gelatinous matrix The nucleus is confined within 
the disc under tension imparling an elastic quality to it, and thus giving 
a high degree of resilience to the vertebral column as a whole 

Prolapse of the nucleus through a defect in the enclosing shell is 
now recognized as an important cause of backache and sciatic pain and 
other pressure effects 

The cause of prolapse of a disc is not clearlj established Sometimes 
there is a liistor} of an injurv n Inch usually takes the form of a fall 
with the spine m llexion or of a strain snstamed while lifting a heavj 
weight The frequency of a historj of such an m]ur> has varied greatlj 
m different senes and few obseraets claim that it is to be found m more 
than 20 25% of cases Often moreover the mjur> is of a relatively 
slight cliaracter Consequently it may be assumed that the injury if 
present only serv es to determine the prolapse of an alreadj degenerate 
disc 

Generally the disc is extruded posteriorly tow ards the spinal canal 
where it appears as a small glistening white swelling to one side of the 
posterior longitudinal ligament Less often it appears as a diffuse 
bulging in the midlme deep to the longitudinal ligament In some 
cases a so called concealed prolapse is present which onl> becomes 
manifest when the spine is flexed 

The commonest site of prolapse is m the lumbar region particular!) 
at the fourth and fifth lumbar spaces and the lumbo sacral space In 
this region the disc will press upon the roots of the sciatic nerve or 
rarely, the cauda equina 

The precise pressure effect depends on the level of the prolapse 
and its distance from the midline A prolapse placed laterally 
compresses the nerve root os it traverses the intervertebral foramen 
whereas one placed nearer the midline will affect a root passing dow n the 
spinal canal towards a lower foramen Thus a prolapse of tlie fourtli 
thsc if lateral will mvolve the fourth root whereas if further medial it 
w ill inv olv e the fifth or one of tlie sacral roots 

In addition to root pressure (usuall) manifest os sciatica) the 
prolapse may give rise to flattening and fixity of the lumbar spine and 
pain low in the back Rarely the prolapse causes partial obstruction 
of the thecal space and produces an increase m the protein content of 
the fluid obtained on lumbar puncture 

Cervical disc lesions ore I<»s common but the relative fixitj of the 
cord m the cervical region renders it more liable to damage Hence in 
addition to root pam and pariesthesia a prolapse at this level may give 
rise to signs of cord compression 
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reason it is situated, in 75%of cases,onthepostero-lateral aspect of the 
cord ; less commonly it appears to arise from an anterior root or from 
the meninges in front of the cord. In the majority of cases the thoracic 
portion of the cord is affected, but no 
portion is exempt. 

Usually the tumour is of firm, 
fibrous consistence and has a some- 
what scanty blood supply derived 
from a single small arterial twig. In 
other cases the vascularity is greater. 

Often the tumour is partially calci- 
fied, and is then sometimes known 
as a psammoma. 

Microscopically, it resembles an 
endothelioma. Flattened endo- 
thelial cells, or spindle-shaped cells 
of fibroblastic type, are set in a well- 
formed fibrillar stroma. Often the 
cells exhibit m horl-formation. There 
are usually areas of hyaline degenera- 
tion and of calcification, and there 
18 often some lymiphocytic infiltra- 
tion. 

Effects of the Tumour. The effects 
of tumours of the intradural extra- 
medullary group are usually charac- 
teristic. At first only the related 
nerve root is affected. Later the cord 
is displaced and compressed, though 
never invaded. Pressure upon the 
cord for a long time causes only 
irritation and cedema. Later tlie 
ncn’c cells and fibres undergo pres- 
sure necrosis (sometimes aggravated 
by thrombosis of vessels), and irre- 
parable damage is done. The 
meninges around the tumour, though 
not invaded, are curiously thickened, 
as though inflamed, and arc often 
unduly vascular. 

The pathological changes ore 
reflected in the clinical features. At 
first there is evidence of interfer- 
ence with a single posterior nerve 
root. “ Root pain ” is referred to 

the area of distribution of the nerve, and there may bepariesthesia;, with 
sensations of tingling, numbness, heat and cold. Complete block of 
nerv’e conduction may lead to orcos of nnasthesia, but this is often 
masked by the o\crlapping distribution of adjacent sensory nerves. 

At a later stage the tumour presses upon and indents the cord, 



Fio. ISO. Spia.i! moDingioma. The 
tumour ]ies m close relation to 
the posterior nerse roots of the 
cersicol entirpcment of the cord. 
The tumour is of small size and 
encapsuted. It has compressed, 
but not invaded the cord. 
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affecting firet tte nearest cells &nd tracts, later half the cord and erea» 
tnallT its -irbole thicirsess. The effert of pressure is to damage the 
grev matter at the IctcI of the frniooar, and to interrupt impulses 
co nx e y e d by the fibres in the -white matter. Thus a tumour pressing 
on the lower cervical cord may gife rise to a lower neuron paralysis of 
the arm on the corresponding side, and an uj^jcr neuron paralysis of 
the lower parts of the body, When only half cord is afferted the 
Brown-S^uard syndrome may result, in which there is muscular 
paralysis with loss of deep sensation on one side and paralysis of the 
sensations of pain, heat and tonch on the other. Erentually the 
tumour compresses the entire cord and complete parapl^ia derelops. 

When the tumour grows strEciently to press upon and stretch the 
sunounding membranes, itmaygiverise to pain locally over the affected 
portion of the spine, and this area becomes tender on direct pressure. 

In those regions where the cord occupies most of the avnilable space, 
as at the c er vical and lumbar enlargements, a tumour will soon 

cause pressure effects, and moreover an affeeiioa of the speoalized 
tissues supplied by these tegions, as of the muscles of the hand, wiU 
be noticed early. In other r^ions, and especially in the region of 
the conus asd cauda equina, where the Terteb-al b spacious, a 
tumour may attain large size, yet cause few symptoms. 

In most parts of the cord the effetts of a turaour are for a long 
limited to one or two segments. In the lumbar, sacral, and coccyge a l 
tCgioTis, however, where the segments are crowded together, the effects 
are more widespread. 

In the upper cervical region a tumour may affect the lower cranial 
nerves, and earue difficulty in swaDowing or in articulation, or it may 
compress the origin of the phrenic nerve and embarrass respiration. 
In the ccrvkol and upper thoracic region a tumour may interrupt 
fibres going to the cervical sympathetic chain and lead to dilatation 
of the corresponding pups! and eiophthahnos. 

Effects of Obstruction of the Spinal Canal. A spinal tumour or any 
other lesion (tuberculous, infiamniatosy, etc.) that otetrucls the frre 
Gow of Emd down the spinal canal produce® characteristic effects. 
These effects, which may be recognized by hyiJrostatic, and 

radiologicsd observations, are often in settling tlje nature and the site of 
ob<5tructk)n. 

(1) Eifdrtttidie Tests. If the tumour is situated at the usual level 
for lumbar puncture, attempts at a^iration at tins she will fafi to 
obtain fluid. Usually the tumour b situated above the level of lumbar 
puncture, and then the pressure of Euid b usuallv low, though occa- 
skinally (perhaps from «ome valvular action) it is’mbed. Altealions 
of pressure may be demonstrated most cltarlv by the so-called 
Queckenstedt test, wludj depends upon lh<r feet that temporary 
compression of the jugular vems, by increasing the inlracraaial tensain 
normally causes an immediate spurt of fluid from the lumbar puncture 
needle ; any ofetructive lesiwj in the spinal canal tends to prevrat thb 
and if the obstruction *is suSdectly complete the rise of pressure is 
diminished or absent. A modi&ation of the same test is that of Ayer 
which consists in performing simultaneous lumbar and dstemal punts 
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ture ^\ hen the jugular ^ eins are compressed the pressure at the two 
needles may be compared, and anj dela\ m transmission of the wave of 
pressure may be recorded 

(2) Chemxcal Tests Chemical examination of the fluid obtained by 
lumbar puncture is often of \ alue Stagnation of fluid below the tumour 
combined with transudation from dilated menmgeal veins causes an 
increase m the protem content and a yellow discoloration The protein 
of cerebrospmal fluid normallj amounts to less than 40 mgm- % and 
any increase aho\e 50 mgm % without correspondmg increase jn cells 
may be regarded as abnormal The combination of massiv e coagulation 
of the fluid, and a yellow discoloration (xanthochromia) constitutes 
From s syndrome ^Vhen fully developed it is strong evidence of 
obstruction withm the spinal canal though not necessarily by a tumour 
(8J Radiological Tests Radiological examination is sometimes 
necessary for the exact localization of the tumour though often this 
can be made from simple neurological examination The examination 
IS assisted by the intrathecal injection of lipiodol, which is opaque to 
X rays Lipiodol of light specific gravity may be introduced through 
a lumbar puncture needle, or heavy lipiodol may be injected into the 
cistern As the oil ascends or descends the canal part or all of it may 
be arrested at the site of obstruction 

ANTERIOR POLIOMYELITIS (Infantile Paralysis) 

In virtue of its paralytic sequel® poliomyelitis is the commonest 
of all causes of cnpplmg m childhood and constitutes a problem of 
vast importance, both surgically and epidemiologicaHy 

At Its inception it has the characters of a general infection The 
mam incidence falls upon the central nervous system but changes 
occur also in other parts of the body, particularly m lymphoid tissues 
and parenchymatous organs wbicli show various degrees of cloudy 
swelling and degeneration 

There is ample evidence that the disease is infective and the causal 
agent a filter passing virus, which probably gams access to the body 
through the mucous membrane of the upper air passages It is inferred 
that the virus reaches the central nervous system directly along the 
fibres of the olfactory nerve, but a blood borne infection is more likelj 
Flexner and Noguchi have shown that such a virus can be isolated 
from the spinal cord of patients and that when injected into monkey's 
reproduces the characteristic lesions Most cases of poliomyelitis occur 
sporadically, but not infrequently there are minor epidemics which 
are especially apt to occur during the summer and autumn Children 
may be affected at any age but the disease is rare m infancy and the 
great majority of cases occur between the third and fifth y ears There 
is a well marked natural immunity to the disease and it has been esti 
mated that only about 2% of the population are susceptible A single 
attack gives lasting immunity, and for many years afterwards the 
serum contains nnti bodies The serum of a convalescent patient may 
be used in the treatment of the acute phase 

The pathological changes in the centra! nervous system are most 
obvious in the anterior horns of the spinal cord at the level of the 
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Imabar enlargensent, and conswjaentlj the most drastic and most 
lasting effect is motor paralysis of the lower extremities In the acute 
phase of the disease, however, the posterior columns are also affected, 
and may give nse to pain and tenderness in muscles and joints 
which may obscure its recogmtioa. At first the affection is often wide- 
spread throughout the coid and even the bmin, and may lend to a 
fetal result from imphcation of Tital centres 

At an earlv stage the signs of infiammation appear both in the 
meninges and in the substance of the cord itself, SlicroscopicsUy, the 
strikins feature is the presence of lymphocyte collections, especially in 
the perivascular spaces in the anterior horns of grey matter, and along 
with tha there is extensive ccdema as wcD as congestion and petechial 
bamorrhages. These changes are not uniformly distributed but 
are patchy, and consequenllj some nerve cells are affected, whilst 
adjoining ones escape The nerve cells ma\ be affected directh bj 
the toxim of the virus, but more probabh Ihej succumb to the mere 
mechanical effects of cedema and tsduemia After the acute phase a 
focal si^erosis of the neuroglia may damage the nerve cells still further. 

The cerchrospmal fluid becomes altered earlj m the disease, and its 
examination has a certam diagnostic valne. In the first week the 
charactenstic feature is an excess of lymphocytes, and later there is 
as mcreased glohulm content Fehlmg’s solution is usually reduced. 
As a rule the fluid is clear and coloorless and does not show any great 
increase of pressure. 

The pai^ytjc lesions are almost lovanably of lower motor neuron 
type . the mnseles are therefore flaccid and tend to waste, and their 
reflexes dnemKh At first the paralyses may be widespread, bat since 
the nerve cells are not destroyed, merely compressed, a remarkable 
amount of restitution of funrtioa usually occurs Almost alwa>*s, 
however, some residual lesion remams, and subsequently leads to 
deformitv. Generally this residual paralysis u restricted to one lower 
extremity, and very offen merely to one group of muscles, such as the 
peroneal or anterior tibial or quadriceps group The usual deformity 
is therefore some form of talipes with drop-foot and instabDity of the 
ankle. Sometimes the quadriceps femons group of muscles is affected, 
and the knee thus rendered unstable. Paralysis of the abductors at the 
hip is not uncommon , it is very disabling as it prejudices the wiam 
tenance of the erect posture In addition to the muscle afropb' there 
are trophic dtstuihances, and the growth of the Dmb is impaired, fxs 
often an upper extremity is mvolved, and then the muscles around 
the shoulder are especially liable to atropbs , In other cases both legs 
or three or four limbs and the trunk are ^ected, but even then the 
paralysis in any one limb is rartlv complete, and some few fibres m 
certam muscle groups remam active. Hus capricious distribution 
important practical results, for the healthy muscles, bemg unopposed, 
contract, and often draw the limb mto positions of disabling deformitv 

■nniOURS OF the >OTOCHORD: CHORDO'LV 

The notochord, the primitive entodennal axis around which develops 
the mesoderm of the vertebral erfumn, normally disappears almost 
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completely in early fcetal life. Occasionally n portion of its ceplialad 
extremity persists at the base of the skull, and in infancy traces may be 
found as tlie nucleus pulposus in any intervertebral disc and in the 
region of the coccyx. The persistent rudiment at the base of the skull 
IS said to be present in about 1% of all autopsies; it forms a small 
gelatinous buttondike protrusion adherent to the cerebral aspect of 
the base of the skull, usually in the mesial plane of the clivus, 1 
or 2 cm. behmd the posterior margin of the pituitary fossa ; it is 
without clmical significance ^cept as a possible starting point for 
tumours 

Chordoma is a rare tumour of low malignancy derived from 
notochordal remnants. It usually occurs at one or other end of the 
body, m the spheno occipital or sacro-coccygeal regions It tends 
to grow slowly, infiltratmg and destroying surrounding tissues and 
even bone It attains large size and eventually causes death. Excep- 
tionally It grows rapidly, but it rarely gives rise to metastases 

The spheno occipital chordoma generally arises m adults of thirty 
to forty years Springing from the cerebral aspect of the chvus, it 
projects upwards into the cranial cavity and, eroding the bone, expands 
into the nasopharynx, the orbit, or the air sinuses The sacro^cj geal 
chordoma may arise either m front of or behmd the bones. It forms a 
slowly growing tumour which eventually may attain large size. When 
situated in front of the sacrum it tends to obstruct the gut and leods to 
interference with 
micturition. 

Typically, the 
tumour IS encapsuled 
and broken up into 
lobules by very dense 
fibrous trabecula? The 
parenchyma is com- 
posed of bluish-white 
gelatmous tissue, often 
haimorrhagic. and there 
are usually cysts con- 
taming mucoid fluid. 

Microscopically, 
there are alveolar 
masses of cells of 
epithelial type, some- 
times lacking clear 
definition and resem- 
bling a syncytium. 

The most characteristic 
feature is the presence 
of large v acuoles, both 
m the cj'toplasm and 
in the nuclei, so that the cells become sivoHen or bladder like (phj $- 
ahphoric) The vacuoles result from intracellular mucm-formation, 
and ns the cells increase in size they discharge the mucin into the 



Fic IST Chordoma Tlie tumour is composed of 
olveoli €>t 'acuolated ejutheliol cells contalnine 
globules of mucm ^ 

(SyemirtetjttfJlr W d AUzandtranJ 3lr J IT Slrulhert^ 
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intercellular substance In some tumours, especially those of slow 
growth, the greater part of the tissue may be replaced by masses 
of gelatmous material Some parts of the tumour may assume 
sarcomatous characters 

Chnically, it is important to recognize the tumour, for though 
complete extirpation is not to be expected, local removal of the tumour 
or aspiration of mucoid contents has been followed by remarkable 
remission of the pressure effects 

SACRO-COCCYGEAL TUMOURS. CYSTS AND FISTUL/E 

The complex nature of its development and the rudimentary 
structures which abound m its neighbourhood render tlie sacro- 
coccygeal region \erj subject to the growth of tumours and cystic 
swellmgs These are almost always congenital and are usually found in 
female infants , they are often incompatible with life, and when large 
may c%en cause impediment to parturition 

Oiasification is difbcult, for the bistologicnl picture is lemaikably 
\aned The simplest groupmg recognizes two pnncipal types, those 
due to anomalous development of the early embryo, and those arisuig 
from the persistence and growth of structures which under normal 
circumstances atrophy and disappear In addition, mclusion dermoid 
cysts may occur m this region 

(1) Anomalous Development m tbe Eajrly Embryo This gives rise 
to various forms of parasitic inclusions, ranging from a solid teratoma 
up to a completely formed lunth— an mcomplete parasitic twin It is 
believed that two embryonic areas form in the single blastomere, the 
one developmg completely as the autosite, tbe other remaining ill 
formed as the parasite TVo pnncipal varieties of parasitic mclusions 
may be recognized — 

(а) Parasites composed of definite organs or their rudiments, 
portions of viscera, bones, or well formed extremities These are rare 
m man and apart from the deformity give rise to no complications 

(б) Sacio-coccygeal teratomata, solid or cystic tumours arising either 
in front of or behind the sacrum and coccyx. These tumours are at first 
encapsuled and they may grow slowly or remain unchanged , but 
sometimes they assume sarcomatous characters Microscopically, they 
have the features of a teratoma and include areolar and fibrous tissues, 
areas of cartilage, and mucoid, nervous and osseous tissues 

( 2 ) Persistence of Rudunentary Structures In the complex develop- 
ment of the lund part of the body there are several structures which 
may later give rise to tumours, cysts or fistuls Ventrally, there are 
tbe neurentenc canal, the post anal gut, and the proctodasal membrane 
The neurentenc canal is a tiny chaimel which m the early weeks of 
Ultra uterine life connects tbe lower end of the spinal canal with the 
postenot termination of the gut The portion of gut with whidi it 
communicates lies postenor to the point of communication between 
the gut and the mvaginatmg proctodeum — post anal gut Tumours 
developing from these tissues are situated ventral to the sacrum and 
coccyx, though they may later be displaced downwards or dorsally 
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They are composed of closed vesicles luied by columnar cell glandular 
epithelium and thej contain ropy mucus 

Congenital post anaZ cysts and sinuses (pilomdal sinus) arise m tlie 
median plane in relation to the slm dimple at the tip of the cocejx 
and are due to a defect m embryonic development They are behe\ ed 
to arise from either a remnant of the spinal canal known as the coccy 
geal vestige, or (and more likely) from excessive traction on the skin 
caused by the retrogression of the tail bud (traction dermoid) The 
sinus IS lined by skin, and hair may project at its orifice , and as a 
result of exudation into its lumen one or more small nodular cysts 
may develop subcutancouslj Prom the proximity of the sinus to the 
anus infection and suppuration are apt to occur and fresh sinuses may 
be established at a higher level or laterally The condition is chiefly 
of importance because it is often confused with fistula in ano As the 
sinus IS Imed with skin healing cannot be secured unless the entire 
epithelial wall is excused 

It IS worth noting that a similar condition may occur in a birber s 
hand from accidental puncture 
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CHAPTER XV 

DISEASES OF THE PERIPHERAL NERVES 
NEURITIS DUE TO PRESSURE 
Apart from solution of contmuitj, the most important surgical 
lesions of the penphcral nerres are those due to pressure— pressure 
nevntts or neuralgia There are several well known examples of such 
neuritis which deserve individual consideration (1) brachial neuritis 
due to pressure of developmental structural abnormalities at the root 
of the neck (2) median nerve compression at the wrist , (3) traumatic 
ulnar neuntis and {4) sciatica 

NEURITIS CAUSED BY STRUCTURAL ABNORhIALITIES AT THE 
ROOT OF THE NECK 

(Thoraac Outlet Syndrome Costo-clavicular Syndrome) 

The main nerve trunks and the subclavian artery may be compressed 
as they leave the thorax and traverse the root of the neck Apart &om 
centnl causes such as spondylitis scoLosjs, and herniation of an 
mtervertebral disc the usual causes of nerve compression are develop 
mental derangements of the nbs and the scalene muscles 

In the past, undue emphasis has been placed upon osseous 
abnormalities and too little account taken of the part pla\ed by the 
related muscles and not least the aggravatmg influence of abnormal 
posture 

The underhmg structural abnormalities responsible for pressure on 
the brachial plexus and subclavian artery are many and varied and 
their mode of action is not mterpreted alike by all observers In most 
instances nerve pressure is most conspicuous, though sometimes effects 
referable to compression of the subclavian artery predominate, or there 
may be combined features 

Broadh the structural abnormalities responsible for neurovascular 
compression are of two kinds — (,1\ nb abnocmalitieSv and (or f,2\ 
abnormalities of muscles and ligaments 

( 1 ) Rib Abnormalities The two chief nb abnormalities are (a) 
supernumerary (or cersncal) ribs and (6) an abnormal or rudunent^ 
first nb 

A cervical rib is present on one or both sides in about 8% of subjects 
In onl\ about 5% of instances is it responsible for symptoms and then 
most often m women (8 1) and especially on the right side The rib 
arises in connection with seventh cervical sertebra and transverse 
process (rarely the sixth) Its formation and mode of articulation and 
relationship to nearby structures show great s anation In the ty 7 >e 
which commonly produces symptoms, the rudimentary nb is used with 
the \ertcbral body or transverse process and projects only slightly into 
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the neck, but is prolonged as a tight, fibrous cord which gams attachment 
to the periosteum at some part of the first rib Sometimes it is more 
complete!) de^ eloped with a definite head , neck, and tubercle, and then 
ma) articulate with the vertebri and lateral!) with the first nb or 
cartilage or occasional!) the sternum It is frequenti) welded to the 
first nb by an irregular synostosis 

The shape of a cenical nb \aiies In some it is long, thin and 
pointed , in others it is broad and flat and resembles the first nb and 
ma) be groo\ed by the 


subclavian artery and the 
lo^^e^ part of the brachial 
plexus Tile direction of 
the nb is important, 
because if it merely projects 
horizontally m a lateral 
direction it is unlikely to 
come in contact with the 
brachial plexus or the sub 
clavian arter), whereas if 
it curies forward and is 
lacking in mobility these 
structures acquire a more 
intimate relationship with 
it If the nb extends 
towards the first costal 
cartilage the scalenus 
anterior muscle in whole or 
part ma) be attached to it 
Abnormal or rudimentary 
First Rib The first nb 
may be of slender structure, 
and its axis, normally flat 
on all aspects, may be 
deviated mwards so that its 
media! border is unduly 
sharp and may predispose 
to imdue pressure on the 
first thoracic nen e root 
Wood Jones attributed this 



Fic 13S Dissected specunen of biHteral 
cervical nl>s The right cervical rib articu 
lales antenorly with a protuberance ftom 
the hist thoracic On the left side the 
scalenus anterior muscle is seen mserted 
into the tu> of the cervical nb which is 
prolonged fonvards to the sternum by 
cartilage The Klation of the brachial 
plexus to the cervical nbs is clearly shoim 
(l/vcnna «/ ItogQl Cellf/i of Surinni of Ed nkurfh ) 


t)T)e of nb de\ elopment to the suppressive effect of post fixation of tlie 
brachial plexus, t e , an unusuall) large contribution to the brachial 
plexus from the first or even second thoracic nerv e root 

(2) Abnormabties of Muscles and Ligaments It was noted above 
that a tendinous band may extend forwards from the lateral extremit) 
of a cen ical nb and that the brachial plexus may impinge upon it 
Tlie scalenus anterior muscle is m intimate relation to the second 
part of the subclavian artery and the cords of the brachial plexus 
Slight variations in tlie muscle especially m association with nb and 
postural defects may be responsible for constrictive effects The 
scalenus anterior is most often at fault, although when the mscrtion 
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oftlie scalenus medms IS earned unusuallj farforwaid itmaj msohethe 
plexus Tlie A shaped cleft between the scalenus anterior and the first 
nb where the subclasian arter\ and the brachial plexus consei^ is 
relatnelv narrow— especiaU\ in certain postures — ^particularh hN'pei 
extension of the neck 

In rare instances vestigial structures maj persist and be responsible 
for nerve compression thus an independent muscle strip — the scalenus 
pleurahs — ma\ arise from the tubercle of the sesenth transverse 
process to gam insertion into the inner border of the first rib and pleura 
In some instances the muscle is replaced b\ a ligament (Lg costo 
pleuro ^ertcbrale) 

The lowest trunk of the brachial plexus where it impinges on a rib 
or muscle is often notched Sometimes it is the seat of thickening and 
m others it is ardematous and congested There is no csidence that the 
gre\ rami communicantes are undulj affected The subelasnan artery, 
although often unduls high in the neck ma^ be normal but in a number 
of instances it is the seat of localized atlieroma or even calcification 
Intramural thrombosis is likel> to occur and ma\ extend peripheralls 
or emboli raas be detached and reach the smaller branches m the limb 
Sometimes the arter\ is the seat of fusiform dilatation immedialelj distal 
to the site of constriction It has been ascribed to sreaken tng of the s’essci 
wall from interruption of s asa \ asorum though such evidence is lacking 
Predisposmg Facton The predisposing factors in compression 
include ans cause which tends to stretch the lower trunk of the brachial 
plexus over either a rib band or muscle border as m certain occupa 
tioQS In some instances there is an obvious loss of muscle tone whidi 
exerts a dragging effect and in this connexion it is of mterest to note 
that s\Tnptoms have sometimes appeared after the acce»sor\ nerve lias 
been divided It has been suggested that the dropping of the shoulder 
and elongation of the neck that occur m adolescence especialij in 
women raaj predispose to stretching of or pressure on the plexus and 
possiblj this IS a reason for women suffering from pressure neuralgia 
more often than men It is exceptional for svmptoms to appear before 
the age of fifteen most frequenth thej appear about the age of twentv 
Effects Pressure effects arc the rwult of inv oh ement of the senson 
and motor fibres m the lowest trunk of the brachial plexus 

Sensorj disturbance is manifested b\ pam along the ulnar border 
of the forearm, and bv pararsthesia and later small areas of atnesthesia 
in tins reg on and sometimes the linger tips Occasionallv it occurs on 
the radial side of the forearm and is then probabh of other origm 
{v infra) 

Motor disturbance is evidenced b\ difficult} in executing delicate 
movements and bj clumsiness m lifting small objects Panesis of the 
intrinsic muscles of the hand mav occur and it mav affect tlie muscles 
supplied cither bj the median or the ulnar nerve The paresis does not 
follow the nerve distribution stnctlv— for example the adductor 
polhcis brevis and opponens pollicis maj be affected jet the flexor 
polhcis also probab!} supplied the median nerve maj escape At 
a late stage a t}-pical mam-en-gnffe maj develop 

■\ asomotor phenomena are common, so that the hand and fingers 
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maj be cold and of a livid blue colour ^\^len gangrene of the fingers 
has occurred it is probably the result of emboli deticlied from the 
subclavian arterj The vasomotor and trophic changes were at one 
time attributed to pressure irritation of the grey rami incorporated 
m the low est trunk of the brachial plexus It is much more likclj that 
constriction of the subcla% lan artery and local changes m its wall and 
lumen arc responsible, and certamlj in these cases in which ^ascula^ 
phenomena predominate, changes can be demonstrated There is 
evidence that detachment of small tiuombi from the subclavian artery 
and progrcsst\e intra arterial clotting are responsible for the ischxmia 
in the Jiand and forearm In some instances the wJiole of the main 
\ essel — subclaa lan and brachial — ^may be obliterated 

CostO'Clavicular Compression It is well known tint m certain 
positions of the shoulder the radial pulse is diminished or completely 
obliterated It occurs particularl> when tlie arm is held firmly to 
the side with the shoulder depressed, and witli even greater frequenej 
when the shoulder is braced squarelj back It lias been observed 
that in certain occupations or pursuits there is evidence of com 
pression of both the subclavian arterj and vein and of the brachial 
plexus as well Tlve resulting pancstlicsia numbness of the hand has 
been attributed to comiiression between the clavicle and first rib— 
the so called Costo clavicular s>ndrome It is open to doubt whether 
the clav icle can be approximated close enough to the first rib to exert 
pressure It is more likelj tlie drag on the nerve cords and vessels is 
caused by the tendinous border of eitlier the scalenus anterior or medms 
against which they maj be pressed when the shoulder is braced back* 

In rare instances the axillary arter> is compressed bj the grip of the 
two heads of the median nerve especiallj m downward traction of the 
arm The constriction maj be sullicient to obliterate jnilsation distalK 
and to produce isch-cmic manifestations m the hand ’ 

Median Nerve Compression at the Wnst Comjiression neuritis of 
the median nerve may result from some obvious cause such as fractures 
at the lower end of the radius or of the carpal bones which narrows the 
carpal tunnel It maj, however, occur in the absence of anv obvious 
structural abnormality 

Tlie condition has been obscnetl most often m middle af»ed women 
compelled to do heavy manual work One hand is usual^ affected 
but the other maj suffer later Compression is evidenced bj burtu ^ 
and tingling sensation in the cutaneous distribution of the nerve wift 
impaired sensitivity to touch and pam The small abductor, and the 
opponens poliicis muscles are weak and wastetl 

It IS believed that the action of repeated extension entailed 
certain occupations abrades the nerve in the carpal tunnel, or raised th 
tension within, is suflicient to cause compression Helief is secured by 
division of tlie transverse carpal ligament The median nerve is the seat 
of oederna over a distance of about one inch pioximal to the h^amenl 

Traumatic Ulnar Neuritis 

Apart from pressure of a cervical rib, the commonest cause of 
neuritis of the fibres of the ulnar nerve is injury to, or pressure upon 
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the nerve at the elbow joint In most cases the ojndition follows a 
fracture in the region of the medial epicondj le, or it maj follow arthritis, 
dislocation, exostosis of the ulna, contusion, and abnormal mobilitj of 
the ner% e associated with recurrent displacement 

Platt, in an analj sis of 252 cases of injurj in the region of the elbow 
joint, found that neuritis developed in 9 instances, nhich indicates 
that the complication is relatively rare 

Ulnar neuritis sometimes develops soon after receipt of a fracture or 
other mjury (recent neuritis), but more often there is a verj long 
interval, even decades (dela>‘ed neunbs) 

Recent neuntis is usuallj associated with a fracture of the medial 
epieond\ le of the humerus or, in young subjects, with separation of its 
epiphj sis The neuntis maj be due to contusion of the nen e as it 
lies posterior to the cpieondyle, or to pressure by callus In cases 
associated with separation of the medial epicondyle the signs and sjTnp- 
toms are often characteristic There are swelling, and bruising, and 
tenderness a\a the medial side of the elbow, and a \anable amount 
of numbness and anesthesia m the skm of the rmg and httle fingers, 
whilst movement of the interossei muscles ma 5 be unpaired 

Delayed neuntis usually dexelops m adult life Fracture at the 
elbow joint is the most common predisposing cause, and it is charac 
tenstic of this form that many years elapse (it may be as many os 
thirty) before signs or symptoms appear In some cases there is 
evidence of an old fracture which had occurred so earlv m cliildhood 
and was so little disabling, as to leave no recollection of the accident 
In most cases the neuntis has been associated with a fracture of the 
lateral epicondyle of the humerus, in which there liave been upward 
displacement ofthe separated fragment and faulty union m the position 
of cubitus valgus, in consequence of which the ulnar nerve is stretched 
or chafed Probably changes in the elbow joint affecting the shape of 
the medial epicondyle detenmoe the onset of neuntis 

When seen at operation the nerve is usually red and shows a spmdie 
shaped swelhng composed mostly of fibrous tissue. 

In this type of neuritis the motor fibres appear to be more vulnerable 
than the sensory, for there may be atrophy of the interossei and the 
hypothenar muscles with only slight disturbances of sensation 

Soatica. 

Pam referred to the distribution of the sciatic nerve may result 
from lesions of the nerv e itself or its roots — for example the pressure 
of a tumour or a prolapsed intervertebral disc — or it mav occur as 
a reflex manifestation secondary to sudi sources of imtation as lumbar 
fihrositis, affections of the lumbo sacral spine and articulations and 
diseases of the pelvic vnscera 

In recent years opmion has changed completeh as to the relative 
frequenev of the difierent causes of sciatica Formerly much importance 
was attached to a true neuritis of the sciatic nerve, which was attributed 
to various tvpes of toxamia or occasionally to diabetes while among 
local causes particular attention was directed to such affections as 
sacralization of the fiftli lumbar vniebra and artliritis of the lumbar. 
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lumbo sacral and sacro iliac joints Now, on the otlier hand, there is 
general agreement that such lesions are unimportant and it is thought 
that, if gross organic disease such as spinal tuberculosis and mahgnant 
disease be excluded, sciatica is usually due either to fibrositis or to the 
pressure of an mten ertebral disc Some authorities A\ould e^en go 
further and assert that the last mentioned lesion is the one responsible 
m a large majority of cases 

Reflex Saatic Pam It has been established beyond all doubt that 
pain in the sciatic distribution may be caused reflexlj bv painful lesions 
ivithin the territory supplied by the posterior primary divisions of those 
roots whose antenor divisions constitute the sciatic nerve This 
territory includes the lumbar muscles and fascue, the intervertebral 
joints and the interspinous and supraspinous bgaments Proof of this 
thesis was given by Kellgren, who observed that pain referred to the 
sciatic distribution can be evoked by injection of hypertonic (6%) 
sodium chloride solution mto the supraspinous ligaments 

According to some workers, flbrositis of the lumbar muscles and 
fasciT IS a common cause of sciatica while spinal arthritis and postural 
strains m the lumbo sacral region are regarded as less common causes 
In support of the importance of fibrositis it is claimed that often there 
IS a history of ‘rheumatic affections, that the pam often develops 
after a chill or exposure to cold or damp that tender nodules can often 
be demonstrated, and that the injection of local anTsthetic into such 
nodules gives prompt relief 

Sciatic Pain and Prolapsed Disc Prolapse of an intervertebral disc 
{see p 298) is now r^arded as one of the commonest causes of sciatic 
pain The fifth lumbar root is the one affected most commonly It 
may be stretchetl as it passes over the protrusion or compressed ns it 
cmergesfromtheintervertebralcanal Rarely thesameeffectisproduced 
by hvpertrophy of tlie antero lateral margin of the hgamenhim flavnim 

The root pressure may lead to motor and sensory changes and to 
disturbance of the tendon reflexes The muscles of the thigh and leg 
commonly are wasted, but there is little loss of power apart from 
voluntary limitation of mov ement due to pain Sensory disturbances 
ire slight and usually are limited to numbness and jiarTsthesia over 
the dorsum and lateral maigm of the foot The ankle jerk is dimmished 
in a considerable proportion of cases 

The pain of sciatica appears to be due partlv to root irritation and 
p-irtiy to muscle spasm, as has been shown by Elliott by studies with 
the electroniy ograph Accentuation of the pam by the straight leg 
raising test is due partly to traction upon the nerv e root and partly to 
stretching the spastic hamstring muscles 

Causalgia 

This term was introduced by 'Wcir Mitchell to describe a severe 
intractable burning pam occurring after injury to a nerve trunk It is 
sometimes applied more widely to painful amputation stumps tender 
scars, etc 

True causalgia follow s a partial mjury to a nerv e and is rare except 
in the median and posterior tibia! nerves The pam is felt diffusely in 
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the area of distribution of the nerre It maj occur spontaneousK or 
be precipitated b^ touch, b\ extremes of heat or cold, or b\ emotional 
stimuh It starts a few hours after the injun and ma\ persist, in 
valuing degree, for > ears In seroe cases secondar\ neurotic mamfesta 
tions are common 

On examination there is acute hspencsthesia in the affected area 
which IS atrophic, with shin\ red warm skin, ndged nails and other 
“ trophic ” changes The bones mav show osteoporosis similar to 
Sudek’s atropha 

In seeking the explanation of eausalgia it must be remembered that 
the nerve m]ur\ is alwa^s mcomplete, that the pain is aggravated bv 
svmpithetic stimuh and relieved b\ svmpathectomv, and (most 
reraarkabh) that in some cases relief can be obtained b\ procame 
block of the nerve distal to the point of injurv Accoidmg to Le^vn>, 
impulses origmatmg at the mjurv are conducted m sensorj fibres 
distallv (anti-dromic) and there set up a hvperalgesic state, perhaps b\ 
liberatmg a histamme like substance , pain originating in this hvper 
algesic area is then oonvcv ed to the sensornim through mtact fibres in 
the normal wa\ Recenth Doupe and Hus colleagues have suggested 
that a breakdown of insulation at the site of injurv leads to a short 
circuit or artificial svnapse ’ wherebv action currents travelling 
distalh along sympathetic nerves overflow to adjacent sensorv fibres 
and thus back to the sensonum where thev are interpreted as pam 


TUMOURS OF PERIPHERAL NERVES 
Structure and Development of Peripheral Nerves 
The individual fibre of a nerve consists of an tuu-cyhnder (or axon) 
which ts usuallv encased in a mvelin sheatb outside which is a contmuous 
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syncytium of cells, the neurilemma sheaih (of Schwann) Ner\ e fibres 
are embedded in a fine reticulum — the endoneunum — are grouped 
cable hke by the penneunum, and maintained as a trunk by the 
eptneunum 

The axon is a prolongation of a nene cell, mjelin (if present) is a 
product of the cell, and the neurilemma a den\ati\e of the neuro- 
ectoderm emerging from the neural crest, as also, probablj, are the 
supporting tissues endoneurium and penneunum 

Embiy ological and cjtological researches, and Harrison’s ell- 
known expenments on frogs, make it certain that the epithelium of the 
neural crest is the progenitor, tnler aha, of the posterior root ganglia, 
the sj mpathetic nervous sj stem (including the suprarenal medulla), the 
in\ eslments of nen es and the leptomenmx and choroid plexus 

There is accumulated es idence that manj tumours classed formerly 
as false neuromata are composed of undifferentiated nerve elements, and 
that the division of tumours into true and false neuroma may be dis- 
carded in favour of separate consideration of each well-defined type 
There are well differentiated tumours m which the neural character is 
obvious, some in which it is supportable, man^ m nliich it is debatable. 
The following tj^p®® be considered : — 

(1) Neurmoma (Fabe Neuroma ) 

Tius tumour i>as fomierl> regarded as a pure fibroma arising from 
the nerve co'its, but its origin from the neurilemma sheath is now 
conceded except b> a few It is usuall> single, small, lightly encapsuled 
by the penneunum, and easily separate from the offected nen e trunk , 
It IS, unlike a pure fibroma, prone to cystic degeneration It usualK 
affects nen es of the upper extremity and those in the subcutaneous 
tissues It may occur intraspmally or intracramallv 

Histologically , the major part of the tumour is composed of was'y 
bands of collagen, mterspersed with elongated nerve fibrils Whorls 
of fibres may be present, and in these zones clumping of the nuclei may 
occur to produce a familiar “ palisade ” effect A reticulum stain 
displays crowds of fine fibrils which, it has been concluded, arise from 
the neurilemma sheath rather than from the endoneunum 

(2) Neurofibromatosis , (von Recklmgbausen's Disease ) 

This condition is regarded as a dev elopmental disorder of the 
supporting tissues of nerves rather than an example of new growth, 
although tumours (in the anatomical sense) may be one of its more 
obvaous features 

Histologically, tlie characteristic feature of the disorder is prolifera- 
tion of tissues, especially those of the nerve sheaths, in which both the 
fibrous and the neunlemmal elements participate m different degree and 
With remarkable irregularity In the tumour formations myxomatous 
changes are of common occurrence 

The disease, which is often familial, usually begins in adolescence, 
and frequently the first evidence ts Iodized areas of pigmentation in 
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Fio 140 Pie^orm D«uroma removed from the Bubcvtaneou5 tissues of 
tbe lateral thoracic wall of a malecluld aged ten jeara The tumour 
had gradually increased id size during fi%e years Diffuse neuroflbro 
matos % and sool osis seem also present. 

(irutfNfi 



Fig 141 riexifom neuroma Micioscopc sect on stained by the 
Weigert Pal method (Uigb power) Ihe tissue surround ng the 
nerve f bies is partly fibrous and partly of neurilemma or gm 
IJ/umm Xat/al CeOff* ^Surr oi>m Simivrjh.) 

the skin followed later by overgrowth of nerie trunks or tumour 
formations large or small localized or widespread Any of the nerves 
in the body, peripheral cutaneous sympathetic and cranial may be 
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affected In some examples of the disease there are ghomata in the 
brain m others multiple mtrathecal tumours In rare cases bilateral 
acoustic neuroma occurs, sometimes mth tumours of the meninges 
and choroid plexus The final outcome of 
the disease depends on the size and site of 
the tumours and upon the proeh\itj to 
malignant change 

The common ancestrj of the different 
lesions IS suggested by their coraplexit} 
and remarkable blendmg in individual cases 
and the striking variations in groups of 
cases The various lesions, will be discussed 
under the folloinng headmgs — 

(а) Generahzed neurofibromatosis 

(б) Plexiform neuroma 

(c) Cutaneous neurofibromatosis 

(multiple soft fibromas of skin 
moUuscum fifarosum) 

(d) Elephantiasis neuromatosa 

(«) Bilateral acoustic neuroma 

(/) Prunarj sarcoma of nerves 

(o) Generahzed neurofibromatosis \ane5 
greafclj in its distnbution An) of the 
cerebrospinal nerves may be affected, as 
irell os the ganglia on the posterior nerve 
roots, and the nerve fibres withm the 
muscles and bones The nerve roots 
within the spinal canal maj also be 
affected and this most often occurs in (he 
cervical region and in the cauda equina 
The affected nerves are diffusely and ir- 
regularly thickened so that small tvxigs 
ma) assume giant proportions , and, at 
interv als in the course of the nerves, growth 
ma\ be exaggerated so os to form tumour 
like swellings 

If one of the affected nerves IS exammed Sarcoma of the 

. , . . n poslenor tibia! none ans- 

in transverse section the most notable |f,g a basu of ncuio- 
change is the oveigrowth of connective rbromatosis Note the 
tissue isithin the pnmiitj bundles of the 

nerv e Certain bundles maj be aiiecled at jower extremiiv of the 
one point and maj be exempt at another tumour The other nerves 
Some bundles mnj escape eoinpleteh r4t™ 'o't 
while others are markedly affected The neurofbromatosM 
nerve fibres appear to traverse the sub* {DfjartatentefSuTtrTy cnrrmir 
stance of the swelling The fibromatosis 

affects the endoneunum (the delicate connective tissue between the 
individual fibres of a nerve bundle) whereas the penneurmm and the 
epineunum (outer sheath) are unaffected There is no proliferation 
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of the neire fibres, and the onl\ change -which the} undergo is com- 
pression and elongation Tliere is no d^eoeration and, therefore, no 
sensory or motor changes are obser\ed 

In a considerable proportion of cases one of the tumours assumes 
mahgnant characters (so called secondarv malignant neuroma) Such 
transformation, b\ which the tumour assumes the features of a rapidl} 
growing sarcoma, often follows mjur} or an attempt at removal 

(b) A plexifonn ueuroma is the result of diffuse fibroraalous Ihicken- 



Fic 14a Cutaceous nrurofibnmialosu Note the large tuioour of the 
right buttocL and the patches of figmentation The iroinan’s father 
si&ered from neuroSbromatasis 

(Ustnw tJSoini C'iUrt SnTjtmt if SdmimfX.) 

uig of the branches of a nerre , the lesulting swelling is palpable 
beneath the skm and ma) resemble thrombosed tortuous vessels In 
more than half the cases there are manifestations elsewhere of 
generalized neurofibromatosis 

The commonest situations for a plexiform neuroma are the sub- 
cutaneous tissues of the head and neck, the large ner\es of the 
extremities, and the autonomic plexus of the abdomen The skm over 
the tumours may show localized overgrowth and pigmentation, and the 
masses of thickened skin ma\ become pendulous 

(c) Cutaneous neurofibromatosis (moHuscum fibrosum) gises rise to 
multiple, soft, fibrous swellings of the skin, which >ar\ m size from a 
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to a plum or larger They arise in connexion with the 
iraents of cutaneous nerves Thej may be sessile or pedun- 
1 are most numerous o\er the breast, back and abdomen 
be ^ ery abimdant on the scalp and the extremities, but the 
face of the hand and the sole of the foot escape 
majority of cases of cutaneous neurofibromatosis there 
ation of the skin, either in spots or diffuse!} disposed, and 
lanomata may be present In addition, neurofibromatosis 
er nerves is present in a lai^e proportion 
ephantiasis Neuromatosa All intermediate grades may be 
1 between molluscum fibrosum and elephantiasis neuro- 
the two may coexist, and may be associated with generalized 
th of the nerv es, and with plexiform neuroma 
lisease generally affects 
one ortne extremities, especiallv 
the lower It is of congenital 
ongin and begins in a brown 
spot or mole, or in an area 
of neurofibromatosis, which ma> 
or may not be pigmented orhany 
The increase in size of the affected 
part IS gradual, but ma} occur 
abruptly at puberty 

The skin and cellular (issues 
are enormously thickened and 
the subcutaneous fat is replaced 
by fibrous tissue The sub 
cutaneous tissues present an 
oedematous, glistening, greyish 
white appearance , in places Ule^ 
are soft and gelatinous, in others 
the} are white, drj and fibrous 
A variable number of tumours 
isolated or m strings, may be 
present. 

\'c)' 

Neuroma In rare instances 
neurofibromatosis ma> be 
associated with bilateral acoustic 
nerv e tumours Tlie disease 
has a striking fainihal incidence showing itself as a Mcndelian 
dominant Tumours of the dura and the choroid plexus maj sometimes 
coexist 

(/) Primary Sarcoma of Nerves A sarcoma usuallj originates in a 
nerve alreadj the seat of fibromatosis, and the resulting tumour is 
usually of a spindlc-cell or mjxosarcomatous character it possesses 
no appearances suggesting its neural origin The tumour grovss 
r ipidlj , IS markedly radio resistant and recurs promptl} after 
local removal Metastasis is to be expected m at least 20% of 
cases 



Pic 141 elephantiasis neuromatosa 
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(3) Ganglioaeuioma 

This IS the most highlv aifferentiated tj-pe of nen e tumour and 
arises m connexion Tvith the svmpathetic trunks m the abdomen neck 
and the mediastinum. It commonli occurs in relation to the suprarenal 
gland Histo!ogicaII\ it is composed of uni or muUi polar giant cells 
m Taimng numbers scattered amongst nerve fibrils which maj or ma\ 
not be mjelinaled (Fig 189) In rare instances ganglion cells are 
absent and the tumour consists of masses of amjelinated ner\e fibres 
a feature which suggests that ner\e fibres maj prohferate without the 
trophic influence of ganglion cells Such tumours ba\e been found m 
multiple form m the medulla cord and pia mater and in the medias 
tmum 

A ganglioneuroma nsuallj occurs in childhood. It \anes in size 
from a pea to larger than a melon Some specimens are lobulatcd 
otl ers smooth and rounded In appearance it resembles a fibroma 
or a 1 poma It is unattended b\ signs suggesti% e of a nervous origin or 
structure and such pathological effect as it produces is due to pressure 
Pressure effects maj be referred to the opposite side 

(4) Sympathicobbstoma (Neuroblastoma) 

This tumour develops from loimature cells of the sympathetic 
nervcfus svstem and is therefore common m the first years of life 
There is great lariatioa tn the structure of the tumour The most 
undifferentiated (which nearh aJwav3 occurs m the region of the kidnev ) 
» composed of lymphocyte like cells ofltn arranged like staph%lococci 
and mtensely argentophilic Rosette formations may be present at 
the penpherv of the tumour but there are no fibrils Such tumours 
are rapid growing reach a large sue and melastasiie widely The more 
differentiated ti-pes (which also are commonest in relationship to the 
suprarenal gland but mai occur in the neck the ccchac ganglion and 
other sites) are usuaU% smaUer and are composed of more differentiated 
cells often of larger size than lo the undifferentiated with more 
numerous rosette formations nene fibrils axis ciluiders and ganglion 
cells They may metastasize by the blood or lymph channels It has 
been observed repeatedly that if ganglion cells are present m the parent 
tumour the\ are not found ui metastases 

It has been observed that an undifferentiated tumour may during 
% ears graduaffy change its character and become differentiated xe the 
normal eiolutions of the svmpathetic nervous system are reproduced 
within the tumour 


(5) Stump Neuroma 

A traumatic or stump neuroma arises in the dnided nenes after 
amputation Occurrence of a small bulbous or fusiform swelling at 
this situation is normal but in some circumstances the neuroma 
assumes a large size especially if there has been mfection 

The bulbous swelling consists of fibrous tissue newly formed un 
myelinated nen e fibres m irregular formation and a syncy tium of ceUs 
derived from the neurilemma sheath 
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Bulbous enlargement of the nerve trunks maj also follow repair of 
a nerve after dnision, and prolonged imtation, as m traumatic ulnar 
neuritis 


(6) Glomal Tumour (Glomangioma) 

This IS a tumour of one of the cutaneous glomera, the specialized 
arterio venous anastomoses which are belie\ ed to ha\ e the effect of 
regulating the temperature and maintaining the circulation m peri- 
pheral parts exposed to cold 

The normal glomus consists of a much convoluted, modified arteriole 
communicating directly n ith a vein. It has a rich periv ascular ner\ ous 
network and is believed to be capable of independent dilatation and 
contraction It probably exercises its function by acting as a circula 
tory shunt, diverting blood into or away from the local capillary 
netn ork 

The glomera are most numerous in the extremities, especially in 
the nail beds, and tumours of the glomera are also more common in 
these sites The tumour is of slow growth and encapsuled It may 
be syroptomless or give rise to pam of a burning or bursting nature, 
originating in the tumour and sometimes radiating widely 

Pam is most common in subungual tumours, and may be brought 
on by pressure or light touch, or even by a change of temperature 

Microscopically the tumour is an angioneupomyoma There are 
cavernous blood spaces containing red ceils or thrombus, thick walled 
blood vessels showuig proliferation of the muscle cells of the media, and 
numerous nerve twigs bearing hjperplastic perineurium A character- 
istic feature is the presence of masses of glomus cells, cuboidal cells 
normally found beneath the endothelium of the vascular channel of 
the glomus In the tumour these cells he in coherent perivascular 
sheets They are of uniform appearance, cuboidal in shape, with 
rounded liyperchromatic nuclei and distinct limiting membranes. 
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CHAPTER XVI 

DISEASES OF THE THORAX 
DISEASES OF THE PLEURA 
PNEUMOTHORAX 

Knowixdge of the phenomena of pneumothorax in its \arious 
forms IS essential for the proper appreciation of the effects of diseases 
of the lungs and pleura, and for the safe conduct of measures for their 
relief « 

In health, the parietal and visceral layers of pleura are virtually 
in contact , for the pleural cavity is merely a capillary interval con- 
taining the film of lymph that moistens their surfaces They are 
kept in contact by the distension of the lung under atmospheric pres 
sure , and, owing to traction of the elastic tissue of the lung, the 
pressure of the potential pleural ca\ity js negative During the 
inspiratory expansion of the chest the pressure diminishes till it is 
— 7 mm to —9 mm of mercury at tlie end of inspiration, and mr 
enters through the air passages and distends the lung still further to 
prevent a vacuum In expiratory contraction of the chest, which is 
normally a passive movement, the lung shrinks by its inherent elasticity 
and partially evacuates its air, and the intrapleural pressure rises, 
but ev cn at the end of expiration it does not equal the atmospheric 
pressure unless the glottis is closed Deep inspiration may increase the 
negativ e intrapleural pressure to — 30 mm Hg and a forceful expiratory 
effort, such as coughing, produces positive readings as great as + 50 or 
-f 00 mm Hg The effects of alteration of the lung volume upon the 
intrapleural pressure will be considered more fully when the diseases 
that produce them are dealt with 

^Mien air is present in the pleural cavity the condition is called 
pneumothorax In open pneumothorax the air has free entrance and 
exit through a wound in tlie clicst wall In closed pneumothorax the 
air has neither entrance nor exit In valvular or tension pneumothorax 
tlie air mij enter but not escape from the pleural cav itj Each \ ariety 
requires separate discussion 

Open Pneumothorax 

Open pneumothorax may be the result of an injurj to the thoracic 
wall or it may be produced deliberately in operations on tlie thoracic 
viscera When an opening is mode in the clicst wall, air rushes into 
the pleural cavitj, and the pressure within it rises The lun^— no 
longer responsible for the prev ention of a v acuum— shrinks or collapses, 
owing to its clasticitj, to the extent of the space occupied bj the 
invading air The only air effectual for oxjgenating the blood is 
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that which enters bv the air passages, and with ordinarj rcspirition 
that would now be less than the normal requirement by the airount 
wluch enters through the opening in the chest wall , therefore, to 
maintain adequate oxygenation the patient must increase either the 
rate or the depth of respiration In health n small opening is usually 
well tolerated, for only a little air enters, and a healtny system has 
strength to cope with the difficulty and can accommodate itself to 
the change The normal requirement at each inspiration is approxi 
mately 500 c cm of air (the iidal air), whereas, the maximum amount 
a healthv adult can inhale is almost 4 000 c cm 

If the opening in the chest wall be large, the condition may be 
serious The lung shrmhs to one third or less of its ongmal bulk, and 
the partial or complete collapse of the aheoli puts e\en more than 
two thirds of it out of effective action Also, the other lung suffers 
reduction, for the mediastinal septum — in health (especially m young 
subjects) a soft and yielding partition made up chiefly of the heart and 
great vessels— is pushed by atmospheric pressure towards the sound side 
with each inspiration, to help to present the formation of a ^ acuum on 
that side Ilie septum moves back on expiration This to and fro 
movement is accompanied by a mediastinal flutter, » r , a tremulous 
quj>eruig of the structures m the septum, and since the heart is 
impheated in these movements they may be associated with a rapid 
pulse and shock In addition, it a large open pneumothorax is long 
maintained the heat loss from the body is considerable, and as a 
result of the changed pressure relationship in the pleura, the return 
of venous blood to the heart may be impeded In a large pneumo- 
thorax the air taken into the opposite lung is derived chiefly from 
the extenor, but also, m a small part, from the collapsed lung and 
during expiration the air is expelled through the trachea and partly 
into the collapsed lung, which becomes expanded to an extent pro- 
portionate to the expiratory effort The movements of the lung 
on the side of the open pneumothorax are therefore re\ersed since 
the lung collapses during inspiration and expands during expiration 
{paradoxical resptraiion) The re breathing of vitiated air which 
results from the paradoxical respiration leads to dyspnoea and demands 
\ lolent respiratory movements to neutralize its ill effects 

These untoward effects of open pneumothorax are seldom witnessed 
except m severe ini_uries to the ehesL. especially, i£ iih3iijd.y there is a 
considerable degree of shock They are not usually experienced in 
operations withm the pleura provided the opposite lung is healthy and 
the patient’s \ntal capacity ^ is fairly normal A large opemng into the 
pleura, m which the lung collapses, can be made with impunit\ Eicn 
though the patient lies on the normal side respiration la undisturbed 
A further safeguard against the possible ill effects of open pneumo 
thorax IS provided by the modem methods of anesthesia uhich ensure 
delnery of so lugh a concentration of oxygen to the lungs that anoxarmia 
IS not likely to occur if the airway is unobstructed 

• The p tat capattlj u a valuable Indication of the respiratory reserve It is 
deQned as the maximum amount ot «r whldi can be exhaled after a inaxununj 
inhalation on the average it is about 3,500 c cm 
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Valv’tUar and Tension Pneumothorax 

This form of pneumothorax may be urgent It is usuallj attended 
by considerable shock and may lead to f-ital asphyxia The commonest 
cause js rupture of the wall of a superhcial vomica m a tuberculous 
lung and the consequent establishment of a valvular communication 
between the air passages and the pleural cavity The pleural cavity 
becomes greatly distended with air and sometimes purulent material 
The wall of a tuberculous cavity may rupture during the treatment of 
pulmonary tuberculosis by artificial pneumothorax, especially if adiie 
sions between the pulmonic and parietal pleura are situated over a 
cavity or an activ e focus of disease 

Other causes of tension pneumothorax are — 

(1) Rupture of an emphysematous bulla This may take place in 
an apparently healthy person Usually the air is rapidly absoibed, 
but recurrence, occasionally on the opposite side, is not uncommon 

(2) Stab or bullet wounds that penetrate the lung In such cases 
the condition is complicated by hiemothorax 

(3) ‘ Sucking ’ wounds of the chest wall 

(4) Escape of air from a divided bronchus (bronchial fistula) after an 
operation on the lung 

■\Vhen a large quantity of air is confined within the pleural cavity 
the pressure is usually greatly raised, and as high a reading as 20 mm 
of mercury may be registered Not only is the lung on the affected side 
compressed but the mediastinum is displaced towards the sound side, 
and (when the right side is affected) the direct pressure on the great 
veins and the auricle may impede the blood flow to the heart 

Closed Pneumothorax 

This form of pneumothorax is usually produced artificially as a 
therapeutic measure to secure rest for a tuberculous lung, oir being 
introduced into the pleural cavity to cause partial or complete collapse 
(artificial pneumothorax) 

By the introduction of air the intrapleural pressure is modified and 
the expansibility of the lung is proportionately decreased If, however, 
the opposite lung is healtlij, complete pulmonary collapse may be 
tolenat^ n/thout any fJl elleets, unless the med/astiael septum is 
unduly flexible, when the respu^itory capacity of the opposite lung 
may be senouslj affected by displacement of the septum In such 
cases the mtrapleural pressure on the side opposite the pneumothorax 
may be actuall} raised, and the expansion of the lung may be so 
hampered that d>spncca and cyanosis result 

Air in a closed pneumothorax disappears completely m a few weeks 
and sometimes m a few dajs On tins account early experimenters with 
artificial pneumothorax substituted nitrogen for air in the belief that it 
would disappear less rapidlj It is now known that, owing to the 
diffusion of gases between the alveoli and the pleural cavitj, the com- 
position of the contents of a pneumothorax, even if pure nitrogen or 
ox j gen has been introduced, soon becomes the same as that of alveolar 
air For that reason it is now customary to use air for artificial pneiimo 
thorax rather thin nitrogen, because of its greater convenience 
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It Las been calculated that the adult pleural cavit\ will hold 3 000 
to 4 000 c cm. of air Its rate of absorption is ser^ %ariable, but, on 
an average, 80 to 100 c cm are absorbed per diem The rate of absorp- 
tion IS increased bj bodily actiMty, and is dtmmished b\ ad\anced 
disease of the lung and bj pleunsj, whether past or present 

Haunothorax 

lIa?motl orav the accumulation of blood in the pleural cant\ is a 
common result of sesere injiin to the dicst wall witli or without 
damage to the underhnng organs It mas follow fracture of the ribs 
traversing i\ounds or surgical operations AVhen air is present in 
addition-^'cmopneumothora.v — it usualh signifies a concomitant 
lung injur\ Occasionalh hieniotborax occurs spontaneouslj in a 
seemingh healths subject 

Apart from shock, the mimediate effects of hTmothorax are blood 
depletion, irritation of the pleura and collapse or compression of the 
lung varjing according to the bulk of the effusion 

In most situations extra\ asation of blood is followed bj clotting 
In the pleura the process is modified b\ a vaxieti of en>'iroiunental 
ph\sical factors For some da\s the blood remains bquid due most 
likeU to continuous agitation bj the heart beat and lung movements 
and to dilution of the blood b\ pleural fluid It is significant that the 
hsmoglobin content of the extravasated blood is reduced b\ os much 
os 80*’o and the fibrinogen content is extrenieK Ion If the lismotliorox 
persists the fibrinogen content rises so that after a \ieek itma> exceed 
the normal blocd lei el doubtless the result of active pleural exudation 
The rise ui fibrmogen determmes the formation of fibnnous clots often 
of arborescent and mtemieshmg character both on the pleural surfaces 
and as a rush coagulum at the foot of the hTmolhorax Continued 
deposition of Qbrm mai lead to partitioning or loculation within the 
h-emothorax 

If the blocd remains ivitlun the pleura organization with fibroblasts 
cccurs within the fibrin e.vudate and a continuous sheet or envelope of 
tough fibrous tissue develops on both the lung surface and the parietal 
pleura The tough membrane cncapsules the lung and delais or 
preients its exjiansion , the ih chening of the parietal pleura retards 
movement and mai lead to seicre contracture and deformiti 


ACUTE EMPYEMA 

Acute mflammalion of the pleura is often attended bj an effusion 
of serous or scro-fibiinous fluid mlo Uie pleural sac, and when such an 
effusion becomes purulent the condition is called empyema It is still a 
common disease despite medern advances in treatment of respiratorj 
infections 


iEboIogy and Sources of Infection 

Infection maj reach the pleura bj an\ of three ai enucs {l)dircctK 
fiom Uie lung mediastinum or abdomen , {2) bv Uie I hod stream 
(3) through perforating wounds of the chest wall 
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(1) Direct Infection from the Lung, Mediastmum, or Abdomen The 
commonest cause of empyema is spread of infection from a lung nbich 
IS the seat of pneumonia — either lobar pneumonia or bronchopneu 
monia It may occur durmg the acute stages of the pneumonia 
(synpneumonic), espeeiallj m broncliopneumonia but more often it 
occurs T?hen the pneumonia is undergoing resolution (metapneumonic) 

The micro-organism is usually the same as that of the initial 
pneumonia In lobar pneumonia it is generally the pneumococcus , 
m bronchopneumonia it is sometimes a streptococcus uhich is usually 
of a luemolj tic tj pe Sometimes the two organisms coexist As the 
reaction of the pleura differs m many respects m pneumococcal and 
streptococcal infections, it is important, especially from the point of 
V lew of treatment, to differentiate between the two types (see below) 

Occasionally empjema follows rupture of an acute lung abscess on 
the pleural surface, and in such cases the pus is often putrid and 
contains anaerobic organisms, such as Cl Welchxt, spirochietes, and large 
fusiform bacilli In this tj^ie of empyema the pleural ca\it} often 
contains air (often under tension), deri\ed from the lung (pjopneumo 
thorax) Putrid empjema was formerly a common occtirtence after 
operations for bronchiectasis 

EmpjemT, frequently follows suppuration m the peritoneal caMtj 
It is most common as a complication of perforated duodenal or gastric 
ulcer, suppurative appendicitis, or abscess of the ]i\ er It is sometimes 
preceded by a subphrenic abscess The aienue of infection in such 
circumstances is probably the subdiaphragmatic lymph plexus The 
right pleural sac is more often m\oh<^ than the left, and the bacillus 
coll IS the organism commonly present 

In rare cases empyema folloivs those infections of the mediastinum 
that arise, for example, from osteomyelitis of the xertebnc, from 
perforating wounds of the oesophagus, or from cellulitis of the neck 
In such cases the infecting organisms are generally streptococci or 
staphylococci, sometimes accompanied by other bacteria, and the 
disease takes a rapid course and usually is fatal 

(2) Infection by the Blood Stream Empyema of Insmatogenous 
oTigxn IS generally streptococcal or staphy lococcaJ Usually it is a 
comjilication of acute tonsillitis scarlet fever, juie^eril se^nsis orjiyxirui 
Usually there is an intermediate pulmonary lesion such as multiple 
abscesses at the surface of the lung 

(3) Infection through Penetrating Wounds Empy ema from direct 
infection may arise from bullet or stab wounds or after operations on 
the thoracic \ iscera The presence of effused blood m the pleural cavitv 
predisposes to infection 

Types of Empyema 

The pathological changes m the pleura and the lung \ary with the 
organism responsible, and the differences between pneumococcal and 
streptococcal infection ire sulllcicntly great to warrant separate 
descriptions 

Pneumococcal Type Pneumococcal empyema generally occurs a 
week or more after the crisis of lobar pneumonia the Type I organism 
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It has beeu calculated that the adult pleural caMt\ will hold 3 000 
to 4 000 c cm of air Its rate of absorption is \erj ^a^labIe, but, on 
an average, 80 to 100 c cm are absorbed per diem The rate of absorp- 
tion IS increased b% bodilv actnitj, and is diminished b\ aihanced 
disease of the lung and b\ pleurm , whether past or present 

Haemothorax 

Hremothorax, the accumulation of blood in tlie pleural cants is a 
common result of severe injun to the chest wall with or wiUiout 
damage to tlie untlerhing organs It mas follow fracture of tlie ribs 
traTersmg wounds or surgical operations \Mien air is jjrcscnt in 
addition — haemopneumothorax— it usualh signifies a concomitant 
lung injuri Occasionalli hTinothorax occurs spontaneouslj m a 
seemmgh health\ subject. 

\part from shock, the munediate effects of luemothorax are blood 
depletion irritation of the pleura and collapse or compression of tlie 
lung vamng accordmg to the bulk of the effusion 

In most situations extravasation of blood is followed bj clotting 
In the pleura the process is modified b\ a \Tinet> of emiionmental 
phi steal factors For some dais the blood remains liquid due most 
hkeh to continuous agitabon bi tlie Jieart beat and lung movements 
and to dilution of the blood bi pleural fluid It is significant tliat the 
hiemoglobm content of the estravasated blood ls reduced bi as much 
as 80®o and the fibrinogen content is extremeli low If iheb'cmothorax 
persists the fibrinogen content rises so that after a week, it mav exceed 
the normal blood lei el, doubtless the result of actii e pleural c-xudation 
The rise in fibrinogen determines the formation of fibnnous clots often 
of arborescent and intermeshing character both on the pleural surfaces 
and as a rusti coagulum at the foot of the hrmotborax Continued 
deposition of fibrm mai lead to partitioning or loculation withm the 
h*emothorax 

If the blood remains wiUun the pleura organizabon witli fibroblasts 
cccurs within the fibrin exudate and a continuous sheet or envelope of 
tough fibrous tissue del elops on both the lung surface and Uie parietal 
pleura The lough membrane encapsules the lung and delais or 
prevents its expansion , the thickening of the parietal pleura retards 
moiement and ma\ lead to severe contracture and deformiti 

ACUTE EMPYEMA 

Acute inflammation of the pleura is often attended b> an effusion 
of serous or sero-fibrmous fluid into the pleural sac, and when such an 
effusion becomes purulent tlie condition is called empyema It is still a 
common disease despite medem advuices in treatment of lespwaloTj 
infections 


^bology and Sources of infeebon 

Infection maj reach the pleura by any of tliree avenues (l)directlv 
from the lung mediastmum or abdomen , (2) Lj tlie blood stream 
(3) tlirougli perforating wounds of the chest wall 
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dlsco^ ery of thick pus on aspiration, for almost certamlj b> the time 
that the exudate has changed from its mitial sero fibrmous nature to 
a purulent character the pneumonia mil be resolving, the patient’s 
vital capacity will ha%e increased, and pleural adhesions \yiU ha\e 
formed In all cases, general and local conditions should determine the 
appropriate tune for, and method of, intervention 

Effects of Empyema 

A large empyema may cause considerable compression of the lung, 
and may push the heart, great vessels and trachea towards the opposite 
side 

If the pus is not ev acuated, the exudate becomes orgamzed and the 
pleura greatly thickened , the walls of the empj ema cavity may be 
25 mm or more m thickness and may become calcified If the empyema 
is not drained and if the exudate is large the lung is compressed into a 
small fibrous mass against the vertebral column, where it is fixed by 
the thickened pleura, and much deformity of the chest may follow 

The pus of an undraincd and active empyema may burrow into the 
lung, or it may perforate an intercostal space {empyema necessitatis) 
External rupture usually occurs at the front of the clicst close to the 
sternum 


Speaal Types of Empyema 

Interlobar Empyema Occasionally a pleural e/fuston is confined to 
one of the pulmonary fissures, especially m the right lung, and when 
suppuration occurs a circumscribed abscess results Such an empyema 
IS usually small and may rupture into the pleural cavity, but more 
often opens into one of the large bronchi, after which its walls become 
approximated from expansion of the surrounding lung, and spontaneous 
restoration results In rare cases on interlobar empyema becomes 
organized and its capsule calcified 

Mediastinal Empyema A purulent pleural effusion may become 
localized in that portion of the plenril cavity that abuts on the medias- 
tmum, and may simulate a collection of pus m the mediastinum 

Apical Empyema In rare instances an empyema may be localized 
in the apical region of the chest, cither in front, behind, or laterally It 
possesses no special features except that cardiac pulsation may be trans- 
mitted to it, especially when it is situated on the left side 

Bilateral empyema sometimes occurs as a complication of broncho 
pneumonia in children or of influenza in adults It calls for special 
consideration in regard to treatment 

Pyopneumothorax is most often assoaated with tuberculosis but may 
follow rupture of an acute lung abscess into the pleura The infecting 
organisms are usually of a virulent type , pleural adhesions are absent 
or insecure, and not only may the infective process be severe but there 
is the added embarrassment of tension pncumothorirc Following 
rupture inlrapleurally a pulmonary abscess usually heals although a 
bronchopulmonary fistula may persist fora timeafler the empyemshas 
been evacuated 
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Tuberculous p%opneumothorar b usually due to breaking down of 
tuberculous foa at the penphcn of the lung or to rupture of the wall 
of a tuberculous ca^^t^ The condition not mfrequcnth arises during 
treatment of pulmonai^ tuberculosis h\ artificial pncumothoxa^ 
Tuberculous erap^ cma is usualh preceded b\ a serous elusion I* 
pleural effusion contains large numbers of tubercle bacUh and/or 


poh-morph leucocrtes it can be predicted that the effusion is likel\ to 
becQoie purulent. Tuberculous empxema usuaU\ undergoes gradual 
healing if there is no superadded infection and if the disease in the 
underJ'ing lung resohes usuallv, in tune the effusion accumulates 
more «lowh and becomes less turbid Pan pastu with this process 
the collapsed lung re-expands and the pleur^ space ma\ obliterate 
unaided bv surgical means, though, in a few, Ihei ma' be needed 


Rare Forms of Plnizal Effusion 

Ch) lous effusion (ch) lothorax) is uncommon It mav arise from loj uiy 
to the thoTiCio duct, aud pleura m fractures and gun-shot wounds, or 
from mjun during operations on the tssophagus The fluid tends to 
accumulate rapidlj and nia\ lead to fatal asphcxui At first it is often 
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bloodslamed, later .t .. j ello™h tthrle and the m.croscoF 

droplets and a vanable number of lymphocytes , . j railtr 

Pseudo-chylous effusion is the name given to op 

effusions sometimes associated with malignant disease 

Biliary effusion is very rare It occurs as a complication 
tive lesions of the liver or tlie bile ducts, after the estabhsliment of a 
fistulous communication through the diaphragm 

Cholesterol effusion is exceedingly rare The exact rausc is un 
knon n It is usuallj preceded by a serous or sera sanmus effusion nhicli 
may be general or localized The fluid is usuallj ot brmrnish mIout and 
contains the characteristic crystals of cholesterol The surface of the 
pleura may be gritty from the accumulation of cholesterol It is an 
occasional complication of a tuberculous effusion 


CHRONIC EMPYEMA 


In ordinary circumstances the walls of an empyema cavitv are 
approximated mamly by expansion of the lung and, to a less extent, 
by ascent of the diaphragm, shrinkage of the chest wall, and deflection 
of the mediastinal septum The opposed surfaces of the parietal and 
pulmonic pleurx bounding the cavity adhere to each other owing to the 
sticky character of the effusion tliat covers them Organization takes 
place m this effusion, binding the two pleural layers together and 
permanently obliterating Uie canty ITiese natural processes of 
obliteration and healing may be mcomplete, and the space persisting 
between the pulmonic and parietal picurs is known as a chrome 
empy ema 

JEtlology. The chief factors which lead to this chronic state are 
(a) persistence of infection, and {b) failure of the lung to expand Either 
or both of these factors are usually attributable to one or more of the 
following causes — 

( 1 ) Undue delay m the drainage of on acute empyema, particulailv 
one of pneumococcal type, which allows the thickened pleural surface 
to become organized and rigid, and thus prc\ents re expansion of the 
Jujig 


(2) Too early drainage of an acute empyema, particularly one of 

the streptococcal type, in which absence of adhesions permits complete 
collapse of the lung * 

(3) Inadequate dramage through a small or tortuous or improperly 

placed opening ^ ^ 

(4) The presence of portions of dead nb or of foreign bodies, such as 
a rubber drainage tube 

(5) The presence of tuberculosis, abscess or new growth m the lung 
or of suppurating cysts m the long or mediastinum 

(C)Tlie presence of a broncho pleural fistula, which mamtams 
mfection and also redura the inspiratory expansion of the lung 

Morbid Anatomy When an empyema canty fails to heal a sinus 

mTttmtir”lf?’ “ ““fl'totsly or mter- 

mittently. It frequently happens that the wound m the parictes hSs 
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temporarily, and alter a variable period reopens and p^^s escapes Bgain. 
Healing and discharge may alternate during many months or yoam, 
and in such cases the accumulation of pus in the pleural cavity may be 
attended by fever, and a variable degree of systemic disturbance. 

The size and shape of a chronic empyema are very variable. The 
carity may be quite small, or it may involve practically the whole 
side of the thorax. Usually the cavity is in the paravertebral gutter, 
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^G, 140. Calcification in the walls of a chronic empyema. 


and is large below and tapering towards' the apex of the chest. Smaller 
cavities may communicate with the main chamber like diverticula. 

The walls of the cavity, formed by the pulmonic and parietal pleura, 
are often greatly thickened and tough. If the cavity contains no pus 
the surfaces may be quite smooth and drj' ; but when infection remains 
and there is a collection of pus the pleural surfaces are coated with a 
purulent exudate of lymph or with soft oedematous granulation tissue. 
In old-standing cases the exudate may undeigo calcification so that 
the cavity is lined with a calcareous shell (Fig. 146). 

Operation offers a favourable opportunity for studjing the 
cbaracters of the tissues surrounding a chronic empyema. The ribs ore 
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usually close together and may overlie one another jf there hare been 
pTe%nous operations tliey may be fused The bone vanes m density 
according to the duration of the empyema , in recent cases the peno 
steum IS thicX and vascular and the bone less dense , in old standing 
cases the ribs are atrophic from disuse The parietal pleura may be 
three or more centimetres thick and is often cedemntous and bleeds 
freely , m older cases it is extremely dense and unyielding and may be 
as hard as leather Areas of calcification (or e\ en of bone) may be 
present m the tiuckened membrane 3Vhen the diaphragmatic pleura 
IS affected, the diaphragm is usually fixed in an elevated position llben 
the pericardial pleura is mitilved, the resulting adhesions may embarrass 
the action of the heart (pleuropericardial adhesion) 

The pulmonic pleura also is thickened, though seldom to such an 
extent as the parietal and the thick and rigid pleura interferes ivith the 
expansion of the lung A plane of cleavage between the origmal pleura 
and the organized exudate may be discovered sometimes easily , usually 
with difficulty The lung, though reduced m size is often capable 
of full expansion if hberated from its adhesions If tlie cavit\ is \ ery 
large tlie lung may be reduced to vary small size and fixed against 
the bodies of the \ertebne In a few cases the lung becomes the 
site of atelectasis and fibrous induration, and is then incapable of 
expansion 

If chrome empyema is of recent origin and if infection persists 
healing may be promoted by adequate drainage and by measures to 
encourage re expansion of the lung ItTien the cavity is of old standmg 
mechanical factors are the chief barrier to healing Obliteration of the 
ca\ ity may be attempted by strippuig the thick pleura from the lung 
{ieeoriieation) but if (as is usual) no plane of cleavage is found the 
rigid outer walls of the cavity may require removal so that the muscles 
and skm may adliere to the pulmonary wall of the cavity 

Effects of Chrome Empyema In young subjects the fibrosis and 
consequent contmction induced by a chronic empyema are apt to 
interfere with the de\elopment of the thorax and to cause great 
deformity The affected side becomes shrunken and immobile, and th- 
intercostal spaces are narrowed, while the diaphragm is elevated and 
ihe xofdiaxtuuirp xs dp^jjAed towards the sxds- A!ScisstRrsd£rr 

result an extensi^ e scoUosis may develop 

The existence of a chronic empyema is sometimes compatible wVh 
fair health , but often it leads to toxiemia and e\entually to 
emaciation and amyloid disease whose recognition should be sot^t at 
an early stage b^ modern metlioils As in other thoracic suppuratxrcs. 
an occasional fatal complication is an abscess of the bram 


DISEASES OF THE LUNG 
MASSIVE COLLAPSE OF THE LUhC— Atdedass 
Collapse of part of a lung or of the whole of it u 
agencies that exert pressure on it from without, and tt 
them arc pleural effusion and pneumothorax- In tbes 
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collapse of the lung occurs pasntely m response to the external pressure, 
and the extent of the pulmonarj collapse is, of course, proportionate 
to the pleural space occupied b> the compressing agent, and the lung, 
though partlj collapsed, remains capable of a limited amount of respira 
torj excursion But, m the condition known as massne collapse, 
the lung or part of it, is rendered airless from mtrmsie causes, and 
undergoes active collapse for a variable period The negative intra 
pleural pressure, exaggerated bj the sudden shnnkage of the lung, 
mamtains the apposition of the lung to the panetes, and to prev ent the 
formation of a vacuum the mediastinal septum is drawn to the affected 
side The cause of the pulmonan, deflation is absorption of the alv eolar 
air after obstruction of the bronchi of the affected part of the lung 
Such collapse is commoner on the right side and most often affects part 
of or the entire lower lobe of the lung 

^lassne collapse is most frequent as a complication following 
surgical operations, especiallv those on the abdominal viscera, but it 
has occurred after fractures of the limbs or injuries to the thorax It 
may follow any form of antsthesia, even local The subjects of this 
compheation are usualh strong adults and the greatest number of 
coses have followed operations on the appendix, and the gall bladder, 
and those for hernia 

Mode of Onset and Progress In the most obvnous cases the onset 
is sudden— often withm fortj -eight hours of operation — and gives nse 
to an alarming crisis evidenced main!} b} severe djspnoa and pain 
in the chest Sometimes the sjTnptoms are less dramatic, and m others 
are so slight that the condition mav not be suspected Often there is 
premonitorv evidence such os flushing of the face, tightness of the 
chest and cough The temperature rises suddenlv to about 101®, 
and the pulse rate is increased 

During a severe attack the appearance and attitude of the patient 
are cliaractcnstic There is dvspnoea accompanied bj ejanosis The 
patient lies on, or inchnes towards, the affected side Cough is slight 
and sputum is scant) or difllcult to expel The patient mav remain in 
distress for 12 to 86 hours or longer , rehef maj come abruptiv after 
violent coughing or after a sudden movement As the attack subsided 
a considerable quantitv of purulent tenacious mucus ma) be 
expectorated 

During the attack the affected side of the chest is almost immobile, 
and is flattened, and the ribs are approximated Defleclion of the 
heart towards the side of collapse is one of the most characteristic 
signs On percussion there is dullness corresponduig to the portion 
of lung collapsed, and the breath rounds and vocal fremitus are 
diminished The phvsical signs may alter from tune to time, and 
tubular breathing and coarse crepitations mav be present as the attack 
terminates 

Tlie collapsed portion of Oic lung is represented in a radiogram Lj 
a nmformlv opaque shallow TJie mediastinal septum is deviated 
towards the affected side the ribs arc approximated and the dmphragm 
IS elevated The unaffected side shows abnormal translucenm from 
“ compensator) ” empbjsema (*ccT^ 147) 
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The intrapleural pressure on the affected side is reduced to — 15 or 
— 20 mm of mercury, and respiratory movements effect practically no 
chnnge in the reading' 

Causation There has been much discussion as to the exact cause 
of raassii e pulmonary collapse, and many theories to explain its origin 
ha\ e been advanced Argument has been centred cineflj around the 
nature and the mode of production of the bronchial obstruction that 
culminates in atelectasis The \iew most widely held and most 
susceptible of proof, is that the collapse of the lung is due to the obstruc- 
tion of one or several of the larger bronchi by tenacious exudate such 
as IS likely to accumulate when there is already some degree of bronchial 
catarrh and respiration is impeded by diminished movement of the 



rio 147 Post operalue tnassivecollapseof the lung A rad ograin tno 
da)s after the onset of massive collapse following opera! on for per 
forated cnatric nicer Note the increased density at the left base nn I 
the deviation of the 1 eart nnd (he trachea to that side 

diaphragm nnd abdominal muscles The bronchial obstruction is 
followed by the absorption of most of the alveolar air, and the un 
supported i esicles of the lung collapse 

Other theones, not ahvavs based on observation, have attributed 
the bronchial obstruction to reflex spasm of the bronchioles of one 
region of the lung to oedema of the bronchial mucous membrane 
and to circiiHtory changes in part of tlie lung 

It is not surprising that massive collapse may be associated with or 
followed by bronchopneumonia or even bronchiectasis The mechamca! 
obstruction of the chief bronchi favours stagnation of secretions and 
propagation of infection and the negative pressure within the collapsed 
lung tends to draw the exudate still more distally within the bronchial 
passages 

Atelectasis of more gradual onset is common m conjunction with 



33G 


DISEASES OT TEE •TRORAIS. 

tr)nn \ diseases of tke lung, especiallv «itarrlial mfecUons of the bronclii, 
foreign bodies, tumours and tuberculous glands at the lung root The 
extent of collapse vanes acwrding as a mam or subsidiarv bronchus 
IS occluded In extreme examples, as when the main stem bronchus is 
blocked h\ a carcmoma, the entire lung is affected and becomes 
shrunken and solKlified More often one or more s^ments of the 
bronchial tree are affected and the resulting collapse has a characteristic 
topographical distribution, easil\ recognized radiograpliicalli In some 
instances especiaHv m atelectasis due to pressure of a tumour, one lobe 
of tbe lung ma \ be completelr collapsed and the other ma^ be 
empbs sematous due to valvular ocdusion of its brondius from extrinsic 
pressure so that air mav enter the lobe freelv, but is denied escape 
(obstructive emph\'sema) 

POST-OPERATIVE PULMONARY EMBOLISM 
Embolism snthm the pulmonarv arteries is still one of the chief 
anxieties after abdommal operations, and post mortem records prove 
that it IS the umnediate cause of death m at least 2% of instances The 
underlrmg causes of this catastrophe have been studied from inan> 
angles and considerable advances have been made m our knoirledge 
of Its ongm prevention, and treatment 

Pulmonan embolism is commonest m stout and debibtated subjects 
over tbe age of forts % ears It is most likelv to follow operations on 
the pelvic organs, but it mav occur after simple operations for 
appendicitis, hernia, and even uncompheated childbirth It is of much 
significance that it scarceh ever occurs after operations on the upper 
part of the bodv scarceli ever, those on the thorax. 

The tune of onset of pulmonary embolism ranges from 48 hours to 
as long as 6 weeks after operation, but the usual time is about 8-10 
dais, corresponding often to the tune when a convalescent patient 
b^ms to resume achviti 

Premomtv s^ns and symptoms are generaDj absent m pulmonan 
embolism but detailed studs of the course of convalescence su^ests 
that there has been mild transient or outspoken thrombosis m the veins 
of the lower extremibe or the pelvis Pam and tenderness m the calf 
muscles, and pam on dorsi flexion of the ankle may be endoice of its 
occurrence. It is noteworthr that extensive and obvious venous 
tttroidKJsft.eiemnxdbjeCteol varicose veins, isususffis lacking 

The seienti of pulmonarv embolism depends on the degree of 
occlusion of the pulmonarv arter) or its branches Gross embohsm 
causes sudden death , occlusioo of a branch of the pulmonan arten 
(usualh to the lower lobes) mav be survived for a considerable time , 
and a minor embolus gives nse to a hxmoirhagie infarction of a segment 
of the lung associated with pleunbc pam and hmmoptvsis 2son fatal 
embolism mav be repeated on the same sale or the opposite 

The post mortma examination of the fatal cases of pulmonan 
embolism should be earned out with expert and detailed care if ei-eri 
aspect of the condition u to be revealed lest erroneous conclusions be 
formed The heart aid pulmonan vessels should be exammed m 
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continuity, as occasionally thrombosis may occur primanh in the 
pulmonary arteries 

In most examples of pulmonary embolism the clot is firm, but soft, 
and usually unorganized It is eiUier tubular or coiled, and there may 
be accessory clots alongside it or within the right ventricle or auricle 
The trunk of the pulmonary artery, the roots of its two branches or 



Fiq. 148 Pulmonary embolism Embolism occurred eight da>'3 after an 
operation for >entral henua in a woman aged sixtj two yearn, who 
survived the sudden onset of pain and dyspnorv for fifteen mmutes 
The right iliac ^ cm was the site of thrombosis Note the coiled embolus 
in the right v entricle 

the lobar du isions may be blocked "Most mterest is attached to the 
source of origin of the thrombus, and it is m this connexion that accurate 
accumulated information is inadequate Obvious thrombophlebitis is 
seldomcvident tlieprimary tlirombosis is of “silent’ type and escapes 
notice The known sites of origm are “ inter aha “ the large veins of 
the thigh and calf muscles, the pelvic veins, the vena cava, and raiely 
the right auricle. Tlie offending clot ma\ be a mere “ tag ’’ or “ tail “ 
of the jirtmary thrombotic process 



33S DISEASES OF THE THOEAX 

^tiolog) of Pulmonar> Endwlism, Pulinonar\ embolism is the 
outcome of venous thrombosis a peripheral source The factors 
which predispose to its occurrence and which favour migration of 
emboli are of great practical importance Pulmonars embolism is 
evceedmgU rare except after operations on the abdomen and the low er 
part of the bod\ and probablv cuitaament of moi ement of the abdo- 
minal muscles gaseous distension and prolonged decubitus arc 
responsible for the retarded venous Bow which favours intravascular 
clotting Aggravating factors are shock debilits amemia and 
constrained posture during and after operation The time at which 
thrombosis occurs a not known though its occurrence is most likels 
when venous stasis is of rnaximum degree Once started thrombosis 
ma\ extend and portions of clot exposed to the active circulation or 
sudden muscular movements, ma\ be detached mto the circulation. 
\ «ious stasis IS probabli b\ far the most important underljtng cause 
of post-operative thrombopWebitis but there are other contributors 
factors such as the release of excessive amounts of thiomboplastm from 
trauma at operation, and the creation of Fibrinogen B which promotes 
mtravenous thrombm formation and mhibits the natural formation of 
hbrm and clot Gxattoa. Indeed detection of large amounts of fibnnogen 
B in the blood is held to presage intravascular clotting stsled the 
prethrombotic phase 

It 1 $ of interest to note tliat surgical practice tn regard to pulmonarv 
embolism has ranged from the boldest to the mildest. Once tlie 
Trendelenburg operatioQ of embolectomi was figured in text books 
and has nose given place to anticipatorv ligations of peripheral \ euis 
The application of anbcoagulant drugs (hepann etc } »rid forced 
post-operative aetints is the present compromise 

Pniaai> Thrombosis of the Pulmonary Arlenes There is csidence 
that thrombosis ma% occur pnmaril\ m the pulmonan artenes 
especially in thc'lower lobe yesseb as a result of vascular stasis It is 
belies ed that its occurrence islikclv when there is an excess of fibrinogen 
B present m the blocd For the same reason a comparativelj small 
non lethal embolus may be followed bv eitensive tlirombosis 
peripherally and may determine a fatal outcome 

FAT E-'IBOLIS'I 

Emboli of fat mav lodge in the lung and sometimes the bram and 
other organs and their effects maj be fatal. This form of embolism 
sometimes follows fractures of long bones in adults and develops 
some three or more da}*5 after the accident Less often it follows 
operahons on bones (especially if they are rarefied) manipulation of 
jomts or tnnal mjunes There are no reliable methods of estunating 
or assessing the pres«ice progress or outcome of fat embolism 

Fat emboli probably come from the site of mjury but the local 
condition which favours their entry mto the circulation is not under 
stood There is some unconfirmed experimental evidence that the blood 
plasma fat maj be preapitated m the capiILmes of the lun<» under 
certain conditions especiallj if ether aruesthesia has duturbed the 
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normal processes of emulsification of fat Tlierc is, tco, a suggestion 
that some of the effects of fat embolism are due to h\'droI^-sis bj 
bpase, and that the fattj acids and soaps produced are toxic 

There are tmo tj pes of fat embolism and the} may be combined — 
the pulmonic (usually survived), m nhich the effects are due to widc- 
spreau embolism in the terminal \essels , and the systemic or cerebral, 
in which emboli lodge in different viscera (usually harmlessly) and the 
brain, where they commonly lead to fatal ischaimic effects 

It IS assumed that fat emboli reach the general circulation as a 
result of the increased circulatory tension in the lungs following upon 
obstruction of its \ csscls, or in some instances rid a patent foramen 
ozale 

In fatal cases the appearance of the affected organs is characteristic 
In the lungs there are areas of congestion and cedema and hxmorrhages 
beneath the pleura, and specific stains outline the fat droplets within 
the ah eolar capillaries * In the brain the emboli lodge chiefly m the grey 
matter and produce in its terminal vessels multiple foci of hxmorrhagic 
extravasation, likened to sprinkling of cayenne pepper 

More widespread embolism may be suggested by the discovery of 
fat droplets m the urine, though the kidney tubules arc apparently 
undam iged 


AIR EMBOLISM 

Ait seldom cnteis a \ein, but it may do so during operations m the 
neck or m the axilla or after stab wounds, and it has occurred during 
1ntra^ enous administration of fluids 

Entry of air in to a w ounded \ cm depends on the negatn e mtra\ enous 
pressure which is caused by the suction power of the thorax and to a 
less extent by that of the fieart It is most likely to occur where 
collapse of a \cin is lundcrcd by stiffening of its wall due to disease 
or by adhesion to dense fascix The entrance of air is recognized by 
a hissing sound m the wound and this is followed by a churning sound 
m the chest caused b\ the air in the heart 

Air embolism may occur at operations without apparent ill effect, 
for small amounts of air are held up in the pulmonary capillaries and 
ore dissohed in the blood Nc\crthclcss, air embolism sometimes 
terminates fatally and at autopsy the right side of the heart is full of 
frothy blood One or both lungs may ho\c a bloodless appearance 
CCTCbral air embolism sometimes occurs during paracentesis of 
the chest, and espccmlU during the mduction of pneumothorax 
lormcrly the condition w^s confused with '‘pleural shock,” which it 
resembles The cmliohsm is due to the entry of nir into one of the 
pulmonars Acins ns a result of puncture of the lung The air max 
reach the jitilmonan seens either through the needle cniplosetl or from 
the al\coh of the lungs It should be borne m mind that the pressure 
11) the piilnionan \eins u, a negative one and that the air m the aheoli 
is at a slight positiv c pressure and mav therefore be aspirated readily 

* CmboIi of fat can be demonstnted within the lung* In about It'’- of subfMriA 
after dealh * 
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into a wounded Tcssel Tlie aspirated air passes tbxough the left side 
of the heart to the sjstenuc 'sessels and a large proportion of it is 
directed to the carotid arteries and thence to the brain and maj cause 
loss of consciousness blindness paralysis or even death 

Expenmental observations suggest that quantities of air over 20 c c 
introduced into the pulmonary veins inaj have a lethal effect 


SUPPURATION IN THE LUNG 
Bronchiectasis 

llany cases of bronchiectasis date back to childhood and owe their 
origin to hronchopneumorua or bronchitis following measles or whoop- 
ing-cough IThen the disease begins in adult hfe it is usually due to 
bronchopneumonia from an\ sort of origin Either in children or 
adults bronchiectasis maj follow the aspiration of a foreign bodj or 
other infective matenal into the lung In a considerable number of 
cases no deGnite antecedent aetiological factor except an acute respiratory 
mfechon can be discovered 

When bronchiectasis follows acute respiraton infection the 
changes in the lung can be traced to an acute interstitial mnammation 
going on to necrosis and suppuration, which destroys the bronchial wall 
(including the muscle elastic tissue and cartQage) im^es adjacent 
alveoh and creates a cavit> alongside the bronchus and m communica 
tionwitbit TbecaMt> ina> bec>lmdr)cal or saccular according to the 
extent of the destruction In the healing process the walls of the cavities 
are converted mto granulation tissue, which later becomes fibrous 
tissue and are lined with bronchial epithehum denved from proliferation 
of such islets of mucosa as have not perished during the acute mflam 
malorv process The epithehum is of a varied t\‘pe— cubical, stratified 
or squamous 

In many cases of broncliiectasis (the so-called idiopathic) the patho- 
genesis IS more insidious and probably the outcome of atelectasis 
resulting from bronchial obstruction bj chronic inflammatorj exudate 
or tuberculous hilar glands The atelectasis is associated with an 
increased negative pressure m the collapsed Jung which if sustained, 
brings about dilatation of the more slender portions of the bronchial 
tree distal to the obstruction Sucb anatomical possibibties have been 
sji^Twrted cluwnsi vuL and A Vias bewi 

shown that tlie bronchial dilatation maj disappear if the occlusion is 
relieved at an earl) stage and if Irecventilationof the affected segments 
IS encouraged 

In a bronchicctatiC lung there is alwajs a vanable amount of 
interstitial fibrosis It is greatest around tbc bronchi, but it is present 
also in the walls of the all eoli and may sometimes extend to the surface 
of the lung The fibrosis stiffens the walls of the bronchiectatic car ities 
and tends to keep them open and hence the stagnation of secretions 
and persistence of mfection whicli arc such characteristic features of 
bronchiectasis The destruction of muscle fibres and loss of the ciliated 
epithebura probably plaj a mmor part m the retention of secretions 
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In all cases it is the severity of the superaddcd infection which deter- 
mines the clinical manifestations of the disease Thus m some it is 
latent {dry bronchiectasis), m others there is repeated (though rarely 
fatal) h^moptjsis, and when there is gross infection, copious, often 
foul smelling, sputum 

Bronchiectasis may be scattered throughout tlie whole lung, but 
more often is confined to a part or the whole of the arborescences of the 
lower lobe bronchus, with in addition sometimes the lingula portion of 
the lobe abo\e on the left side Occasionally tlie disease is bilateral from 
the onset, or it may become so later On account of the dilluse fibrous 
infiltration chronic inflammation, and the loss of elasticity, the lung is 
smaller and more solid than normally, and its power of expansion is 
greatly diminished Pleural adhesions are often present, especially at 
the base of the lung but sometimes they are absent e\ en in se^ ere cases 
The lymph glands at the hilum of the affected lobe are usually enlarged, 
sometimes to a very considerable size, and maj hamper surgical 
operations 

Bronchiectasis may be consistent with a state of moderate 
health, but in many instances it is responsible for dyspnoea, cyanosis 
and chronic toxasmia Exacerbations of the pulmonary infection may 
occur from time to time and may lead to a fatal issue In a number of 
cases a metastatic cerebral abscess is responsible for death sometimes 
the abscess is suigle, but quite frequently there are multiple abscesses 
m different parts of the brain 


Abscess of the Lung 

A lung abscess differs from bronchiectasis m that it begms m the 
paTench>ma of the lung (pneumonitis) and imohes tlie bronchi onlj 
secondarily The mode of origin and the ultimate beha\iour of a lung 
abscess are very varied, and a satisfactory classification of the various 
types either on a bacteriological or anatomical basis is not possible 
There are, however, familiar and well recognized types resultmg from 
local or distant infective processes A description of the common 
varieties follows 


(1) Putnd Lung Abscess (Can^enous Abscess) This is by fat the 
commonest and most urgent form of lung abscess Amerobic bacteria 
are responsible for die intense inflammatory and destructive effects 
uhich characterize it The usual source of infection is the oropharynx 
and particularly the gums and tonsillar crypts The infectiv e material 
readies tlie finer bronchi by aspiraUon (so called bronchial embolism) 
and the particular segment of the lung affected is probably conditioned 
by posture durmg sleep, narcosis, anaesthesia, etc Dental extractions 
tonsil removal and other operations on the upper respiratory passages 
are responsible for a proportion of cases ^ 

I ‘Cgment of tbc lung may be affected 

but bj far tlie conunonest sites are the subapical segment of the upper 
lobe bronchus, and the apical segment of the loirer lobe The inllanina 
tory process begins peripherally mth an mtense pneumonic reaction m 
Mlueh softenuig and necrosis fimillj occur The course of ft" 
mllammatorj process is a erj sonable. but usuallj after 10-14 days the 
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abscess buirows into a bronchus and large quantities of evil-odouml 
pus arc expectorated. At this stage the abscess (on the average tJie size 
of a tangerine orange), has soft and necrotic walls, and is situated near 
the surface of the lung ; one or more inflamed bronchi communicate 
with it. The outer wall is quite thin and as'uscular and is usually 
lightiv adherent to the parietal pleura. Natural and complete healing 
occurs in a verv proportion, and its occurrence can not be 

predicted in anyone. F^ure to heal is doubtless due to defective 
drainage, and the persisting distension of the abscess cavitj- by 
imprisoned air. lYhen the abscess becomes chronic the surrounding 
lui^ becomes stiH and coTBobdated and the seat of bronchiectasis. Tlie 
epithelium, oflra of squamous type, regenerates within the wall of the 
cavity at an early date. 

In some instances a lung abscess ruptures into the pleural carily. 
This accident, though it may have grave consequmces (especially from 
shock «rv^ t«i5»n pneumothorax), usually results in healing of the 
abscess after the empyema has be^ treated. In the treatment of lung 
abscess by drainage there may oceasionally be sufficient adhesion of the 
outer wallof the abscess to the parietal plrura to provide asafe harrier 
against contaminatioo of the pleural cavity. 

The eomroon variety of abscess in the upper bbe of the lung presents 
on the surface on the axillary face of the long iznmedUtriy above tlie 
interlobar fissure. .\n absc^ of the lower bbe most often involres 
the apical portion and reaches the surface behind, usually about the 
level of the seventh rib : in rare Instances It presents on the mediastinal 
aspect of the lung. 

Sometimes suppuratba in the lung is chronic from the outset and 
extends gradually over a period of many months to involve almost 
every s^raent of the lung. The lung, whi^ is extensively consolidated 
and cedematous is the seat of multiple abscess cavities containing 
foetid pus and yeUow sbughs. The disease is described unde the title 
of “ spreading suppurative pneumonitis,'’ and it is not often survived. 

(2) Xon-Potrid Solitary Abscess. This type is much less common. 

It is caused by aerobic streptococci, etc., which reach the lung by 
aspiration. It may folbw any s-arie^ of pneumonia. The course of the 
disease is much less acute than in gan g r en ous abscess, so much so that 
the abscess becomes encapsuled in infiammatory fibrous tissue pnd may 
rimjalate. feifecKsdOTS ca ^ inure ?uvuoK&Ae 

than in other varieties of abscess. In many instances the abscess ts 
responsible for recurring luemoptysis which mav be an indication for 
removal of the affected segment of the lui^. 

(3) Staphylococcal Abscess. An abscess of this origin mav develop 
in the lung in the course of staphylococtal pneumonia or as a late 
compUcatba of influenzal pneumonia. It may be associated with 
similar infection elsewhere, in joints. A staphylococcal abscess 
frequently involves the pleura secomlarfly. The disease though often 
fatal is sometimes snrvived. 

(4) FonowingAspiralionofFore^aBodies. Foreign bodies aspirated 
into the bronchi may after a variable intcrral lead to suppuratbn, 
cspeciaDy bodies such as peas, nuts, etc., which undergo expansion and 



PULMONAJtY TUBERCULOSIS 343 

harbour infecti\ e material Relatnely sterile objects such as fragments 
of metal or beads may remain in a bronchus for months or even j cars 
^\Itho^t causing more than slight disturbance 

On account of the greater xridth of the right bronchus, an aspiration 
abscess is commoner m the right lung, and is most frequent m the lower 
lobe because of the more ^ crtieal direction of the hj pemrternl bronchus 
^Vhen a foreign body becomes impacted m a bronchus the mucous 
membrane surrounding it becomes swollen, so that obstruction of the 
bronchus may become complete The lung beyond it becomes atelectatic. 
Secretion of mucus from the bronchus ts increased at the site of impac- 
tion, and ulceration and infection generally occur The infection 
spreads through the bronchi into the lung parenchyma, and may gne 
rise to single or multiple abscesses The abscess is generally multi 
locular and has the combined features of bronchiectasis and a chronic 
lung abscess 

(5) Pyzemic. In infected surgical wounds, septic thrombophlebitis, 
acute osteomyelitis, etc , infected emboli may be carried by the veins 
to the lungs, where they give rise to septic infarcts and abscesses The 
abscesses are usually small and multiple and situated at the periphery 
of the lungs The disease is hkcly to be fatal 

(0) Associated with Tumours, etc. The ulcerated surface of a 
carcinoma is very liable to infection Suppuration, agg^a^ated by 
necrosis of the tumour, may result m a large abscess, and render treat 
ment impossible 

Less common causes of a lung abscess arc (a) lodgment of missiles 
or of mfcctis c material conveyed by them, (t) extension of a subphrenic 
abscess, and (c) superadded infection of a congenital or hydatid cyst m 
the lung 

Pathological Sequels of a Lung Abscess One common scqueln: 
of a pulmonary abscess is cerebral abscess (most often in the left hemi 
sphere), due probably to an embolus formed by the dislodgment of a 
thrombus from one of the pulmonary \eins This catastrophe can occur 
during either the acute or the chronic stage of the abscess, and occa- 
sionally follows operate e interference Hasmorrhage may result from 
ulceration into one of the pulmonary vessels m the wall of the lung 
abscess and be fatal Amyloid disease is a sequel of long standing lung 
abscess 


SURGICAL ASPECTS OF PULMONARY TUBERCULOSIS 

In early life the lungs are the commonest site of jirimarv tuberculous 
infection, and the initnl focus is usually msigniHcant and heals m due 
time The ly mph glands at the hilum of the lung may harbour infection 
for a prolonged period and may occasionally be res|>onsiblc for 
projiagation of disease cither within the lung or m distant sites such 
as the meninges and Inmcs anti joints rnlargcil hilar glands mas 
impinge upon, or ms -ulc tlie main bronchi and lead to atelectasis and 
Anally bronchiectasis 

In adult life tuberculosis of the lungs may be due to relapse of 




Fic 1^9 Rs^iognia of chroatc Cln»d phUuszf of tlie pgt it hm^ m a 
femals ^?d twvntr foor Tears, tbe tncbea nod tbe b-art are 
defiected towards lbs disear«d tiifs. 


mas assume finallv a fibrocaTernoas form. The coodibon of the pleura 
IS impoitant in regard to the feasibSits of some forms of surgical 
treatment, thus if the surfaces hare been the seat of pleunss there -will 
be diffuse or localized adhesion srhich sriH be a barriCT to effective 
artiffcial pneumotboras unles division of the adhesions is possible. 

Cavieties m the lung are conunonest m the npper but ther 
are also coioroDa m the lower lobe espeeiaDr its apKal portion, 
Posistence of a cantv is one of the most compdling and urgeit r^sons 
for adopting surgKal treatment. Persistence of a cant\ roar be due 
mamlv to sbffaess and loss of elastmtr of its walls and adhesion to the 
chest waD. Mam canties, Imwcvc, i f T im Tn patent due to contmuous 
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distension of the •walls hj arr trapped within the lumen due to some 
form (often valvTilar) of bronchial obstruction — injlaiion or tension 
cavity Variation m size of the cavit> from time to time is common, 
and it may reach giant size, e\en m qnte of actise treatment 

For the surgical treatment of pulmonarj tuberculosis the -various 
methods, either singlj or combing, are designed to pro\nde rest or 
immobilization of the diseased lung and to secure closure of cavities 
within it The methods are known coUectnelj as “ collapse therapj ” , 
thej are applicable at some time, in almost e\ eiy grade of the disease, 
en when both lungs are affected, prov idetl the disease is not extremely 
acute or too ad\anced The choice of procedure depends on the 
pathological t^’pe of disease m lerj acute tuberculosis there is a time 
to act and a time to refrain, thus artificial pneumotliorax maj ha% e to 
be dcfcired because it is likely to result in an acute effusion or empj ema 
Wien the disease has been rendered less acute, say h\ phrenicectomj 
combined with pneumoperitoneum, the intrapleural collapse can be 
adopted 

VTien pulmonary tuberculosis is more chronic (and not of the 
ulceratne tracheo-bronehitis type), and the lung is the seat of cavities 
adherent fo the chest wall, the lesser measures arc insufficient, it is 
then that some form of thoracoplasty and mobilization of the compara 
tiv cly derelict lung is required to effect healing of the disease 

V ithm recent times resection of a lobe of the lung or even the entire 
lung has been practiced Such a step would seem to offer an ideal 
solution on pathological grounds , unfortunately m a high proportion of 
instances actne disease m tlie bronchus ms\ be responsible for 
ulceration and fistula formation with empyema, or for extension of 
infection to tlie opposite lung These complications hav c to a consider 
able extent been overcome by the use of the antibiotic streptomy cm 

CONGENITAL CYSTIC DISEASE OF THE LUNG 
This condition has attracted increasing interest duringrccent years, 
no doubt on account of its frequent discovery on radiographic examma 
tion of the lungs The disease assumes two mam forms (1) a solitary 
or muftipfe large cy sfs, confaming iTuicf or air , and" I'/jT tfiduse cystic 
disease 

The first variety has usually been met -with in childhood The cyst 
may attain an enormous size and fill the entire pleural sac of one side 
(the so called balloon cyst) Such a <^’st is at first probably of small 
size and may contain fluid whose escape into a bronchus allows a 
gradual air distension of its walls so that finally the healthy lung tissue 
is condensed around it In the same way multiple cy sts may ev acuate 
their contents and become inflated with air, and either form multiple 
air-contammg cysts or, if the dividing walls rupture, a single trabetu- 
lated cyst The hnmg membrane is usually columnar or cubical 
epithelium, and the walls contain unstnped muscle, elastic and fibrous 
tissue and sometimes cartilage The appearances may be profoundly 
altered by infection 

A large cyst when uncomplicated may cause only slight symptoms, 



34C DJSSASSS OF THE TEOEAX 

sach as o anosis and dvspncea But if the air pressure vnthin the cvst 
becomes cxeessn e (due to a valvular commumcation with a bronchus) 
severe respiratorv distress or fatal asphvna mav result. In a number 
of instances rupture of the cvst into the pleural cavrtv occurs 

DiHuse cvstic disease is more common It mar miolve a part or 
the entire lunjr and is often bilateral The evsts tnav be mere clefts 
but are more often rounded and varv m sire from » pea to larger than a 
golf tv^tl ^IaDV of the evsts communicate with the finer bronchi The 
bronchi are not dila*ed In an \ rav film the appearance is serv 
charactcnstie and merits the title of ** honev-comb ” or ‘ soap-bubble ’ 
lung Superadded infection IS common and creates features comparable 
cbnicallv to bronchiectasis 

The developmental nature of cvstic disease of the lung is suggested 
bv its occurrence in mfanev and bv the epithelial character of the lining 
membrane of the It is assumed that m most cases the ciTts 

are developed as diverticula from th*^ smaller bronchi o* from, the 
atnal sacs 

\ttempts have been made to establish a relationship between cs'stic 
disease and bronchiectasis, but the pathological evidence suggests thev 
are mdependent entities although the condition of hronch-olectasis 
found m infanev mas represent a developmental abnormahtr aUied to 
cs’stjc disease. 

Sometimes as a result of mnanunaton stenosis of a small bronchus 
ovenlistetiswn of a lobule of lung occurs with escape of air into the 
mterstitial tissue of the lung with ll e result lliat an enormous cvst 
develops (bulbous emphvscmatous ci st) The o st develops graduallv 
but as the air within it is under inmasmg tension it mav lead to 
mjunoas cotBp^es^‘on of the adjacent lung tissue and ifbQatcral final 
asphiTsa 


TU'IOURS OF THE LlPiC 

‘'imple tumours of the lung are rare Mi oma, fibroma chondroma 
hemartoma and angioma (tfr p 231) are well known though excrept 
m the last their pathological effects are few and unimportant 

A simple ad^oma commoalv occurs in one of the mam bronchi 
and Ttia% reach a large size It is commonest m the lower lobe of the 
lung Itmai berespons5bleforluemopti-sis atelectasis or bronchiectasis 
with suppuratwti (*ee 150) It affects men ard women equalli 
and occurs at an earLer age (twenH five to fortv \cars) than lung 
cancer It shows no tentlencv to become malignant. 

A bronchial adenoma is sometimes pedunculated and is then acces- 
sTiI- to removal from withio the bronchus GencraUi the tumour, 
whidi IS tough and firm projects mlo the bronchus aid its deeper 
part m:pands mto the adjacent lung the resulting tunwur assuming 
an hour glass form 

■'bcroscopicalh a bronchial adenoma shows considerable jndii idual 
variation in structure ^sne show a glandular pattern with tubules 
and acinn In others there is less differentiation and the cells are 
m sohd acini or irregular masses The cells are, however, uniform 
in size and are cubo da] with a large nucleus and scants cjtoplasm 
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A bronchial adenoma on^nates irom the secretory ducts of the 
bronchial mucous glands Its histological variations are verj similar 
in form and nature to those present m saliv arj gland tumours and the 
tu o pcs of tumour are held to be akin in origin and behav lour 


Primary Cancer of the Limg 

Statistics based on post mortem records suggest tint the incidence 
of cancer of the lung has 
increased during the j>ast ten 
or fifteen vears and that the 
increase is a real one and is 
independent of improvements in 
clinical and pathological diag 
nosis The cause of the increase 
has not been full^ explained nor 
accounted for 

Manj substances have been 
suggest^ as predisposing factors 
m the development of lung 
cancer, such as silica, petrol 
fumes, tar from road dust, etc , 
but proof IS lacking that they are 
responsible The only known 
association between exposure to 
dust and the development of 
bronchial carcinoma is that of 
the Schneeberg miners, and m 
them the radioactive properties 
of the dust are now held respon 
sible By some, chronic 
bacterial infections are regarded 
as a potential predisposing cause, 
probablj as a result of the 
epithelial metaplasia to which 
they may give rise m the bronchi 
Activ e tuberculosis and car 
emoma maj coexist in the Jung, 
but the occurrence is purcl> 
accidental 

Cancer of the Jung octurs 
most often between the ages of 



'if 


Fio ISO Adenoma of the bronclius 
T1 e RTo^b l>as obstructed the lower 
lobe bronchus whjcli in consequence u 
gretktty dilated 


forty and sixty years, and is much more common in men than women, 
the relative incidence is as high as 15 1 

Morbid Anatomy and Histology In tlie majontj of cases cancer m 
the lung begins m the mucous membrane of tlie mam or sccondarj 
bronchi and less often more peripherally The new growth may 
start in the cylmdrical epithelium of the bronchial mucosa or m the 
basal epithelium The histological appearances are very diverse, and 
variations within individual tumours ore not uncommon The follow* 
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ing are the commoii types ; (I) colo nin ar-eell carciDOma, (2) oat- 
cell ” carcinoma, (3) squamous-cell carcinoma. Tumours of the first 
tvpe are composed of columnar c el l s, which are differentiated to a 
moderate d^ree and are arranged, for the most part, in an irregular 
acinar or papillary formation Tumours of the second, the commtsiest 
tvpe— the “oat-ceH*’ caicinoma — are composed of undifferentiated 
cells of small size, rounded or of oat seed shape, with deep-sta m i n g 
nuclei and scanty cvtoplasm The majority of the cells are arranged 
inegularlv, with a verv scantv fibrous tissue stroma and httle tendency 
towards glandular structure. Tumours of this type were regarded 
formerlv as mediastinal sarcoma, but careful examination generalU 
affords endenee of an epithehal origin. Tumours of the third tj^pe are 
composed mainlc of irregularly arranged &<juamous cells, and to some 

extent they resemble 
squamous - cell car- 
cmoma m other situa- 
tions, though cell 
nests or keratiniza- 
tion arc seldom 
highlj dcyeloped 
The rate of growth 
and the d^ree of 
maljgnanc\ of bron- 
chial carcinoma are 
A erj ranable In 
some it may be four 
or fire >ears before 
the tumcnir sttams 
the size of a tangerine 
orange, while in 
others, and especially 
I n undifferentiated 
tumour in jTJung sub- 
jects, it ma\ assume 
great bulk m a few 
months When a group of cases t> anah sed it lv found that, when 
first seen, renoral of the tumour is possible m about 15*^ of instances. 
Recurrence of the carcinoma either locallv oe elaewhiro is, cwnmnu. 
(40%) withm two years of its remoyaL 

A bronchial carcinoma raa\ begm anvwhere in the bronchial tree, 
and probabli evenmtheayeohfofcrofcrcorcino/na); but the commonest 
pomt of ongm is at or about the pomt where the mam bronchus giyes 
off its bra nches . It usuallj spreads both up and down the bronchial 
wall and also round it and nay finally occlude the lumen o£ the bronchi. 
When exammcd by bronchcBcopy or at autopsy the growth is often 
small, greyish white, granular and slightly nodular on the surface. It 
may be pedunculated and mar occlude the lumen of the bronchus. 
It cmv spread in the snbmucosa over a cons derable area without 
ulceration, and it may extend directly to the trachea or even to the 
opposite bronchos. The most impmtant effect of a bronchial carcinoma 
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js production of stenosis of the larger bronchi and therefore atelectasis 
and infection are common secondatj results 

A bronchial carcinoma tends to infiltrate the parenchyma of the 
lung till a lobe or even the entire lung maj be converted into a solid 
mass of firm texture and yellowish white colour Degeneration within 
the tumour, sometimes attended by suppuration, is a common c\ent 
Sometimes spread by the peribronchial lymph vessels is an outstanding 
feature, and may lead to ext^si\e invohement of the pleura, often 



Fio 132 llmncl lal carcinoma T!ie<l<sca‘:e in^ohcs the stem 
) ronchi and imadcs the lung parenchyma 

w ith a large effusion of clear or sanious fluid due to widespread lymph 
\asculaT obstruction The tracheobronchial l^unph glands and the 
hilum of the lung are invaded at an early stage, and it sometimes 
happens that the bronchial growth remains \er^ small and localized, 
while the secondary growths are large and give rise to pressure on large 
V cssels, and on the trachea Such sccondarj grow ths maj be mistaken 
for mediastinal sarcoma Rarely the lymph glands at the root of the neck 
maj be infiltrated, especially m carcinoma of the upper lobe of the lung 
Occasionally a small bronchial tumour leads to atelectasis so that the 
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lung IS no Lit' er than a fist and the plcaral cavitv becomes the scat of 
a Terr large efTus’on 

In a few instances a caremoma begins m a fine or tcrtiarv bronchus 
and tend> to grow penpheralls rather than towards the hilum. This 
trpe often assumes and mamtains a sphencU fo*in m the substance of 
the lung Its mal^nancs is heM to as g*eat or even greater than that 
of tumours at the hilam 

The pathological eCects of a broncnial catemoma mas be vers few, 
bu* in about *econdarT bronchiectasis occurs Ulceration of 

the surface o^ the gr o w t h leads to eicsssive mucoid or sanious discharge, 
and sometirres tmneur celt can be delected m the sputum bv special 
straining methedv. 

In rare instances a broncfatal carcinoma is associated with widespread 
arthnt^i chan'ms and gross clubbmg of the f ngers as well as deposition 
of new bare on the shafts of the prmcijial bones Equalls remarl^We i> 
the prompt disappearance of the skeletal changes aHcr removal of the 
tunwur 

Apart from th* neighbouring Ivmph glands the liver (SO^o) *5 the 
commonest s'te of secondarr growths Afetastases are common also 
in the kidnevs (15 9®,) the supmrenal glands (9 7%) and the bram 
(9o®g) and tfaeshm. Thev are common also in boo« (10®,) espectaHv 
m the nbs. i ertebr* and long bores A. cerebral metastasis mar gis'e nse 
to confos'on m diagnosis and errors la treatmeDt if the pnmarv growth 
IS svmptomlcsa. 

In the majonti of cases the onset of signs or srmptoms ts vers 
insidious and the tumour is often far advanced before ther develop 
The foDowmg are the common wsi's m which the disease mar manifi^ 
Itself (1) bv hiemoptvsis and cough, (2) br plcurm, with or without 
effusion (3) bv pulmoaarv suppuration, (4) bv mcreasing debEiti, 
dvspccca, aeJ emaciation 


DISEASES OF THE 'lEDIASTIMni 
Acute Septic Mediastmllis 

The areolar tissue of the tnediastma] septum is of loose testure, and 
consequcntlv infective processes tend to spread widelv m it and, as 
I* IS nchlv supplied with Ivmph \essels tjriKi abviTptmu. is qq. a ^verc 
<caV 

Acute m'^iastiHjtto is rare but w| en it occurs takes the form of 
diCose ccDuLtK and the anterior mediastinum is most commonli 
affected T1 e cellu! tis mas on oecastons resul* m the formation of an 
abscess bit its effects mas tie lethal before suppuration b^ns 

IlediastinitLs mav arise (1 ) as a compheabon of ceUuhta of the neck, 
^ ?•» badwigs angina, (2) folfcwmg opetalrons on the larvnx, pharvnv, 
trachea or ecsophagus (3) as a result of perforation of the pharvnx or 
<E5ophagu» bi a foreign bxl^ (4) from leakage of infection from an 
ulcerating carcinoma of the pharvnx or oesophagus, and (o) rarelv, 
secondarv to osteomvehtis of a thoracic verteb'a. 

In mediastmilis, the tissues axe very swollen, cedercatous and con 
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gested Areas of necrotic fat, often of a greenish colour, are present, 
and there maj be small abscesses scattered through the mnamed 
tissues \\ hen perforation of a hollow viscus has been responsible for 
the infection, gas ma> infiltrate the inflamed tissues, winch are then 
extremely malodorous The Ijmpli glands are enlargwl and sometimes 
softened, and the fibrous pericardium may share in the inflammation 
^\Tien an abscess forms m the anterior mediastinum it may extend 
upwards and reach the root of the neck at the suprasternal notch, or 
accompanj the subcla\ian \essels into the posterior triangle, or burrow 
tlirougli an intercostal space at the mai^in of the sternum An abscess in 
the superior and posterior mediastina may rupture into the trachea, 
cesoplmgus or pleural cavity 

Emphysema of the vxediaslmum is a rare sequel of crushing injuries 
of the thorax The air may escape from the trachea, the bronchi or the 
lungs At each inspiration more and more air is forced into the media 
stinum, and it may finally compress the large \ cins, cspeci illy those at 
the lung root 

Nowadajs mediastinal emphjsema is sometimes witnessed ns a 
complication of artificial pneumopentoneiim emploj ctl for the treatment 
ofpulmonarj tuberculosis The air probablj escapes from the abdomen 
alongside the ecsophagus , notonij maj it permente the mcdinstimim, 
but it ma\ extend upwards as far as the base of the skull 

Cysts of the Mediastinum 

Cysts of the mediastinum ore comparalneJy rare, but they nre of 
importance on account of the injurious pressure lhe\ may cause 

The commonest arc dermoid and terotomnlous cy'sts geneneaJh 
they are alike They usually begin m the anterior and the superior 
mediastinum behind the manubrium (retrosternal), m close relation to 
the great sessels and pericanhum Commonly, as the cyst grows, it 
bulges towards the pleural easily on one or ^th sides (mediastino 
thoracic), or it may reach the root of the neck (mediastino cervical) 
The origin of the c\ st is probably not the same in all cases It is behev c<l 
(though not pros ed) that a mediastinal dermoid arises from the enndad 
displacement of remnants of the third and fourth branchial arches 
Less often it mav arise from inclusion of the epidermis, for defects of the 
sternum mav coexist 

In structure a mediastmal dermoid does not difier from those else- 
where It may be entirely cystic or m parts solid Cartilage, sebaceous 
maternl, fat, hair, and teeth arc common constituents of the tumour 
Dermoid and teratomatous cysts vary in size from a golf ball to a 
fcetal head Tlicir growth is slow, and since the cy st extends laternlU 
it acquires a cov ering of pleura, and it may insinuate itself between the 
lobes of a lung and thus simulate an intripulmonary tumour 

Mediastinal cysts are very liable to infection, espcciallv after 
acute illnesses Suppuration causes a rapid increase m its size, and the 
c\st mav perforate the trachea or bronchi, with the result that 
sebaceous material or hairs are expectorated Lmpvema mav occur 
and the pus may penetrate the chest wall Inflammation in the cyst 
renders it adherent to the lung* pleura and large vessels, and adds 
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to the difficulU of its removal Afalignant d^encration of a tenlom'i 
and dermoid is unusual 

A much rarer cyst of the mediastmum is the bronclio- 
genic or tracheo bronchial cyst It is usually in contact Tvith the 
trachea or mam bronchi and maj reach considerable size Tlie cyst 
wall differs from that of a dermoid in that it is rerj tlun and lacks 
hair formmg epithelium and sebaceous glands The epithelium is of a 



Fic 153 Trscheo-bronctusI evst The c^stu lined b) ciliated epithelium 
lU Walls coalain sieas nf cartUa^ 

cjbndiical type, and roaj be cihated Mmaerous glands and bundles 
of plam muscle fibres or cartflage maj be deep to the epithelium 

Such a cj-sl IS of vestigial ongm, from extrusions of the developing 
trachea or bronchi 

Gastrogenic Cysis A cjst Lned bj gastric epithehum uith 
mucous glands occasionally occurs in the mediastmum in early life It 
IS of particular mterest in that the mucous membrane mas be the seat 
of peptic ulceration, and hsemorrh^e or even perforation mas occur 
with fatal result 

Primary Tumours of the Mediastinum 
Malignant tumours of the mediastinum mclude thymoma (p 858), 
lymphosarcoma and neuroblastoma 

Simple tumours mclude bpoma, fibroma, chondroma, and ganglio- 
neuroma 

Rarely a mediastinal tumour extends through an intervertebral 
foramen into the spinal canal, assuming an hour-glass shape , similarlv 
a tumour arising within the spinal canal may extend into the medias 
tinum Haanorthage or degeneratwn within the spinal portion may 
result in paraplegia 
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t iG 151 Ginglioiieuroma of the mediastinum The tumour lias been 
split note the area of tismorrliage and multiple foci of calcification 



Fio 135 n-idiogram of a ganglioneuroma of the Tnedmstmum which 
extended into the right side of the chest The tumour occurred in a 
female nine >eara of age, and liad caused dyspncca, hremoptysis, and 
paroxj-smal coughing 
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La*t'v tfce*e ts Ih'* fash common suktis ti-mour 

Lnder th^ t-lf* t> dp<cribrf! a k-caltced tumour whjch art><t> at th« 
tio^c.'* mlet n front o*’ tte llr^t and <«oiid rib> and the traiureire 
ffoccses of Ifc** resj’ec’ire verfcbTr Tbc tumour t u■■^.aIl\■ sha'ph 
defis»d flod ^h?ncal and wLea observed is «cIdom large' 

than a ^If br»n It devciopi at tbe p’^ural surface of the lung apex. 
ard as it in£]trat*s, causes eo>»a of the ribs and vertebra* and involves 
the tTf-hEil p’dtis and the svmpathetJC truni, with the resul* that 
uitrat*sb’c pain and nerve palre> (e- 2 -, H Ttxs s svTsIromt) are 
pn>aun£nt effects. 

Tee tumour is hard and fixed and g'es o- \eDow coVjur The 
t TiTry i... la a pmnan carcinoma th“ lung or^inatmg at th*" apex 
cnm‘dia»di s*’bj*cent to the pleura. In a few examples it is secondarv 
to an in_^giu£caa! pnmar\ one a* the hing root. 3[ost often t! e tumour 
IS of -c^uamoad pattenu 

Palbological Effects of 'lediastmal Tmnotns. The effects of a 
mediastinal tumour ar* matalv due to pressure on ceighbcsmng 
s’ructxues, ahhough in tb* case of cvstic tumours infection mav lead 
to additKinal features Itisunasnalfcraavdisturbancetobeiiotjceahle 
btfo’e the a~ ©' paber^v and svop»om$ are sometnaes deferred untU 
the third O' fourth decade Pressar* on the tr-chea b bs far the most 
uapo-taa*- •ff'^ It teods to appear after some respirators infection, 
and results n eou«h and often in dvspams o’ strslo' In a few cases 
bsmoptwa occurs. 

P re s s u re on tb» large venous trunks at th* tfcoraac tnh*t mav lead 
to (HLtatton of the euperffctal veins of the thorax or in the zttck. 
Cvanoas mav b* prasee*- a* a b*e- stage. Pressure on the intercostal 
ncTHCS lasv lead to or hvperasthssia, and Ih^ra tanv be pupillatv 
changes from pressure on the svmpatfetjc nerves 'IVfcen lar^, the 
tumour mas c’-se krealizfd bulging of the ches* walL 

Ictrathoracic Godie 

Anv large gcitre mav have a pra'cngatioa of its inferro" eiirem tv 
tchmd th* s*CTium m'o tlie m^diastirunu ^uch extension is 
favoured bv gran^ and the suction o' insp.ration. The resistance 
oSeed above and in front br ih** infrahvoid muscles makes this Ime of 
descent tb^ pa’h o' least resistance 

la a tru- intrad>o-'ci'*goi»re however there is no obiuous swelLrg 
o' the thvro d gland in tL» and th^ thvrcfd enlargement b est jcb 

wiiLm tl^ thoracic casxts 

An inlrathotacsc go tre is due mn«t oftm to a colloid atlenotua 
attached to the infeno' extremi^v of ih^ gland, espectalls on ih<* lef* 
sid*^ Rarelv the ccsitioa is bilateaL The aderoma msv be soft or 
hard bwt fret^uenJi !*• » parllv or whoUv evsti**, and calciScatioQ 
someftmes occurs in lh» w^ of the evs* Tb» tumour retains i*s 
QTcstmect of peetracneal faseta, ard i.s arterial snpplv resembles that 
of a cemeal go{.re and comes frmn lb» neck. In manv cases the 
intra.ho’acjc goijc is coanected wi*h the parent gland bv aa isthmas 
o' thvro d tissue but m o’d-slandmg eases the connexion mas be 
fibrous. 
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As the goitre is enclosed m the pretracheal fascia it moves ^vith the 
rest of the thyroid gland on deglutition In the superior mediastinum 
an intrathoracic goitre rests on the parietal pJeuri; of one or botli sides 
vhich form a bed for it The innominate veins are situated deep to the 
tumour and maj be displaced and compressed b\ it II\ perthvToidism 
m association vith an intrathoracic goitre is extrcmelj rare 

The Effects of an Intrathoracic Goitre (1) On the trachia 



lie loO Intruthoracic goitiT The tncliea ^vns displscwl for«-artls 
Stndor and dy»phagn were the chief symptoms The tumour 
wis completely solid 

One of the most important effects produced bj an intrathoracic 
goitre IS compression and dev mtion of the trachea The trachea be 
comes stretched over the anterior or lateral surface of the tumour, 
and ns a result its lumen is often reduced to a very narrow channel 
Th'' tracheal displacement may be confirmed bj inspecting or palpating 
the neck and the larynx niaj participate m the deviation A radio- 
gram demonstrates the displacement and deformitv Cough, stridor 
and d\ sjmcea are the usual results 

(2) Oil the large vessels of the thoracit, inlet Obstniction to the 
\cnoiis return from the neck and upper limbs is manifest bv engorge 

11— % 
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ment of the superficial vessels of the neck and front of the thorax It 
IS responsible for profuse bleeding when operation is undertaken 
Sometimes the face and lips and the upper limbs show a tnce of 
cyanosis (Edema of the upper limbs has been observed The large 
arteries are seldom compressed 

(8) On the Recurrent Lai^ngeal Nerve Occasionally one of the 
recurrent laryngeal nerves especially the left, may show some degree of 
paralysis 

{4) On the (Esophagus It is very exceptional for the cesophagus to 
be compressed, and therefore dysphagia is unusual 

From the surgical point of view an intrathoracic goitre presents 
difficulties which are not present in the treatment of a normally 
placed goitre Engorgement of even the smallest superficial vessels 
maj be responsible for excessive bleeding Proximitj of the 
goitre to the large veins of the thoracic inlet maj be a source for 
serious bleeding but this can be prevented if care is taken to 
keep within the fascial capsule of the gland , likewise if the 
enucleation of the goitre be conducted in this plane there is less 
risk of opening the pleura Deliver} of the goitre is facilitated b} 
traction on the affected lobe or its connecting pedicle , but when it is 
V ery bulky it may be impossible to release it from the mediastinum 
unless It be diminished in size by excavation of its contents if that has 
not alreadv occurred accidentally Division of the sternum to increase 
the diameter of the thoracic inlet is only seldom necessary 


DISEASES OF THE THYMUS GLAND 
Knowledge of the function of the thymus gland and its biological 
effects at different epochs of life is still very scanty More information 
about the suspected functions of the gland have accumulated from 
study of its pathological states than from phy siological in\ cstigations 
The thymus is a ductless gland cntodermal m origin and dcrnetl 
as a tubular outgrowth from the thud and possibly the fourth branchial 
segments of the embryo The thymus is more conspicuous at birth 
than later it is asy mmetrically bilobed and lies immediately behind 
the manubrium sterni and ovCTlies the pleura great vessels and tlic 
] ericardium It is lobular in structure and its individual lobules consist 
of cortev. ami medulla the former mainly lymphocytic in structure and 
tlie latter collections of translucent branched reticulum cells which 
in places assume a whorled formation and surround cells the seat of 
hy ahne degeneration (Hassell s corpuscles) 

In adolescence the thymus shrinks and is largely replaced hv fat 
The epithelial elements persist m reduced number and size but 
involution is not alway s final because in a number of diseases the gland 
may enlarge or be the seat of tumour formation 

In infancy the thy mus may remain unduly large and has been held 
responsible for obstructive dyspnoea (thymic asthma) In such circutu 
stances the thymus shares in a generalized overgrowth of lymphoid 
tissue throughout the body (status thymio lymphaticus) Evidence 
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IS lacking that enlargement of the tiijTnus alone is responsible for 
asphj'xia 

The thj mus gland maj be enlarged, though not constant^ , in manj 
diseases notablj Addison’s disease, leukaemia of ^anous kinds, and 
li>perthjToidism Th>7nic enlargement m hj’perthjTOidism occurs in 
onlj a proportion of instances and its significance is not understood 
The o\ ergrowth is generalized and is unspecific m character At one 
time it u as suggested without foundation that the thjToid and thjTnus 
Mere linked functional!}, and that the th\TTms gland regulated or 
modified the th}TOid hormone 

Aberrant elements of th}inic tissue have been found in the th}Toid 
and parathyroid glands and in the areolar tissue of neck and m these 
situations have been responsible for cjst formation 

The Thymus in Myasthema Gravis 
Since it uas discovered early in the century that ni} asthenia gravis 
might be associated Mith a simple tumour of the thymus, continued 
efforts have been made to establish the relationship between the 
th} mus and this obscure neuro muscular disonler Considerable 
progress has been made 

During recent vears it has been demonstrated that removal of a 
tlij’mic tumour, an enlarged gland, and also the normally involuted 
gland mav confer total or partial relief m a small proportion of cases of 
m} asthenia especially m voung subjects m which the disease is of short 
duration A ^mour (usually an encapsjled adenoma) is present m 
about 10% of cases of my asthenia , in the absence of tumour formation 
the gland is either hy perplastic or normal for tlie age of the patient, and 
no particular cv tological cliatiges have been discovered 

The part play ed by the thy mus m the my asthenic state has been the 
subject of much speculation, and new data has gradually accumulated 
The underlying neuromuscular defect in myasthenia is not fullv 
understood but it is suspected that the normal stimulus to contraction 
of muscle fibres b\ liberation of a minute quantitv of acetylcholine at 
the nerve plate is disturbed In myasthenia it is believed ^at there is 
a biochemical defect of transmission due to immobilization of 
acety Icholme by a relative excess of the enzvTne — cholmesterase — its 
normal inhibitor Experiment has shown that the serum of ray asthenic 
jiatients interrupts nerve transmission and interferes w lUi the production 
of acety Icholme by nerve cells whereas the serum of patients undergoing 
treatment by prostigrarn has no such effect Another mleresting 
observation in this connexion m mvasthcnia is the rapid aggravation 
of symptoms which follows release of on arm tourniquet after the liand 
muscles hav e been m v igorous exercise 

Tlie neuromuscular phenomena of royastlieniv gravis have been 
compared w ith the changes present after administration of curare which 
IS known to inhibit the chemical stimulus to muscle contraction 
I*rostigmin which exercises an opposite effect (and antagonizes 
diolestermasc) is well known for its beneficial effect m controlling tlie 
neuromuscular defect m mv asthenia Such ev idcncc lends colour 
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belief that the th\mus mdep«idcDtl> or «itli other glands ma) 
produce “xn agent whicU inhibits the local production of aceti Ichohne 
requisite for muscle contraction 

Cj-sts and Turnouts of the Thymus 
Cf/sls of the thnnus are rare Ifost often C3st [ormation is of 
I3 mphangiomatous nature and ma\ result m a tumour of great hulk of 
similar character to cvstic 
higtomo of the neck to «Iiich 
it IS probablv allied 

Tumours Reference has 
alrcads been made to the 
occasional association of a 
thmiic tumour uith injas 
thenia grans The tumour is 
usually an adenonm It ina\ 
occur independentlj of mjas 
thema The tumour is of 
variable size and cncapsuled 
and m structure resembles 
roughh the normal gland 
pattern or mav be composed 
only of reticulum cells sntli 
scattered lymphoevtic collec 
tions 

The most important 
tumours of the thymus are 
of a malignant cliaracter — 
thymoma Their histological 
pattern is very varied and 
It IS diffcult to formulate a 
satisfactory classihcatioii of 
all types There are evamples 
Pic An encapsuled care Doroa or tb« nhich arc indistinguishable 

tbymus gland rrom a man aged fin> Dine from chronic lyrnphadenoma 

jears Tbe tumour had caused dysphacia 11 i 1 

Death was due to purulent brotw^us Others like prunan lympho 

There nere no metastases Sarcoma or reticulum cell sar 

coma (with fibrils) and finalh 
those ill which there is a semblance of the normal gland pattern — 
epithelium and 1\ mphocy tes — are arranged m such a manner as to merit 
the title of adeuo sarcoma or carcinoma sarcoma In man\ instances 
leukemic features wiUi cosmophiha up to 20% js a promment feature 
and may be of significance in diagnosis Perhaps of even greater 
importance is their high degree of sensitivity to irradiation doubtless 
due to their high content of primitive lymphocy tes 

At first tl e tumour conforms roughly to the bilobar shape of the 
thy mus gland It grows rapidly and assumes great bulk It infiltrates 
the superior mediastinum anti neighbouring organs and pressure effects 
on such important structures as the trachea and great vessels are not 
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long (lelaj ed — mediastinal compression Asphyxia is the usual mode of 
death The tumour ma\ extend to the neck, and penetrate the chest 




1-10 luO. Malignant th)inofna,showin(;inaligT)ant lytnphocjiic tissue 
and a concentnc laminated body 
ILabortloiye/ Royal CflUj€^ngHt\«m •/ EJ ttburgh ) 

wall. Extension to the ceixjcnl or the axillary glands is a common 
feature and ma\ be the first ciidcncc of the disease Metastasis tt> 
distant organs is of rare occurrence 
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Carcinoma of the thymus has been obserred in association with 
cases of over-activity of the suprarenal gland. 
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CHAPTER XVn 


DISEASES OF THE PERICARDIUM, HEART, AND 
GREAT VESSELS 

The application of surgical measures to diseases of the heart and 
great \ essels, and especiallj to congenital defects, has focussed attention 
upon the anatomical and patliological features of those conditions Inch 
lend themselves to operative correction The advent of surgery to tins 
pro\ mce has called for a renew cd study of congenital cardiac defects, 
for w e still lack precise means of ascertaining the underlying structural 
abnormahties present m the living subject 

A risumi of the general pathological features of the more important 
" surgical ” conditions follows 

DISEASES OF THE PERICARDIUM 
Suppurative PencardiUs (P>opcricardium) is an occasional complica* 
tion of blowl infection bj streptococci, pneumococci, and staphj hcocct 
It is commonest as a sequel of sucli diseases as scarlet fe\ cr, osteomyelitis, 
and puerpcrnl sepsis \\'hen the infection is of staphj locoecal origin 
multiple small abscesses ui the heart muscle may coe\ist and add to the 
gravity of the disease 

The response of tlie pericardium to infection is the same as m the 
other serous membranes — exuilation of a thin elfusion with fibrin 
deposits and later pus The post mortem appearances of the heart 
surface and pericardium arc appropriatclj dcscribetl as “shaggj,” 
“ bread and butter like/’ etc The effects of the pericardial effusion, 
apart from the grave illness with which it is associated, arc due to 
pressure and interference with full cardiac action — stjled clinicallj as 
“cardiac tamponade” Embarrassment is seldom se\ere until the 
qicrifKrfrn^i Tare xmAanis a'uuiA^nt'A w ’iftrc lA Yi “inx: •nAiKiramftury 

process is gradual a much greater bulk is tolerated 

If suppurative pericarditis is survived widespread adhesion of the 
serous surfaces is mev itable Such adhesion seldom leads to constrictive 
pericarditis, as no doubt the pcncardiura, once the acute process subsides, 
retains its clasticitj 

Tuberculous Pericarditis. Tuberculous pericarditis maj occur as a 
seeminglv independent condition , but m most instances, especially m 
earlj life, there is tuberculous infection m the hilar glands, tiie pleura, 
or elsewhere The evnolution of the disease can be traced through a 
stage of simple effusion, caseation and loculation, to one of extreme 
fibrosis or calciAcation of the pericardium {see Fig 150) In the severer 
cases caseous or calcareous n«>dulcs devdop within the heart muscle 
If healing occurs the pericardium becomes thick, tough, and hj aline, 
and adheres to the heart surface either in patches, or over a broail 
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surface This process is sometimes associated uith se\ere mechanical 
ellects on the chamhers of the heart and is knonn as “chrome 
constricting pericarditis — (Pick s disease) 

Chronic Constricting Pericarditis As stated abose this form of 
pericarditis is the outcome of thickening and stiffening of the pencar 
dium The underlying tuberculous nature of the condition is not 
doubtetl, but direct or t\ en collateral evidence is not aln a\ s obtainable 
The pericardium is not only thick and inelastic, but keeps the 
chambers of the heart fenced within a barrier of scar tissue, so that 
It is unable to recene or to e\pel the normal \olume of blood 



Pic 160 ETtensnecatcificationofthepenoirTliuininanadull mill 
charartfriUic signs of constnction 

Congests e Jieart failure, oidenced b% li\er enlargement leg cedema 
and a greath eles atetl ^ enenis blood pressure (x 4) is a natural sequence 
Although the heart is entombed and smothered within dense 
adhesions it is little reduced in size, and the musculature though 
occasionalls thin can recover if released from constriction The 
cerronaTj ^ essels are healths The orifices of the s ena cas al veins maj 
be narrow ed and ei en calcified but not to an extent w hich affects 
return of blood to the heart 

The chief and most important effect of constrictive pericarditis is 
reduction of the total output of 1i»t heart , the major factor in tlie 
mechanism is limitation of diastole (particularly of the ventricles), so 
tliat blood reaching the Iicart cannot be accommodated or propelled 
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Tilt most significant effect of tlie reduced cardiac intake is registered 
on the acnous side of the circulation Thus %ems m the neck mav 
pulsate and the pressure readings are exceeded by three or more tunes 
normal Liver enlargement with ascites is usual 

Jlcasures designed to remove the restraining tissue have proved 
successful Itsuflices to liberate the ventricles partially , so thin walled 
are the auricles that attempts at liberation are hazardous and not needed 

CONGENITAL DEFECTS OF THE HEART AND GREAT VESSELS 

Congenital anatomical defects of the chambers, vah es and of the 
great vessels of the heart are present in about 3% of subjects If the 
defect IS sun iv ed, it mav be the c mseof varj mg degrees of disability and 
usuallj preniatuTcdeath Insomeitpassesunnoticed, and is compatible 
vv itli surprising activ it\ 

Ue are ignorant of most of the underlying causes of congenital 
defects of the heart and other organs There is, however, evidence 
that infectious disease in the first few months of pregnanej interferes 
with fcctal development and so produces congenital malformations 
German measles is believed to be especiallj dangerous m this 
respect, though probablj some other infections maj have the same 
effect 

Maude \bbott collected, analysed, and catalogued a thousand 
examples of congenital cardiac defects and her work has proved of the 
greatest value Tiie anatomical variations ma) be simple or complex, 
and they often occur m combined and multiple form From the practical 
standpoint the effects of structural abnormalities of either the heart or 
vessels (or both) will depend chieflj on whether (1) blood is diverted 
abnormally from the sjstemic circulation to the venous (pulmomt.) 
side (as m patent ductus arteriosus and m some forms of patent inter 
ventricular defect) , or whetlier (2) venous blood is “ shunted ’ to the 
systemic side of the circulation (as m congenital stenosis of the 
pulmonaiy arterv and its associated defects) It will suffice to describe 
those conditions which have recentlj come within the range of surgical 
correction 


Patent Ductus Arteriosus Maude Abbott estimated that a patent 
ductus arteriosus was present alone in nmety two mstanees m her 1,000 
postmortcni specimens A patent ductus arteriosus is Mrtually an 
nrtcrioi enous fistula belw cen tire aorta and the left pulmonary artery— 
persistence of Hie fictal slate At buUi, it is believed that the process 
of closure is ensured rapidli bj the contraction and fibrosis of a rinir of 
miisciilaliirc, aideil no doubt by Uic reduced lasculnr tension followmir 
Ilium 1 eiitilation and expansion of the lungs In evceptional instances 
closure maj be delay eil tsen to the age of ten years or later TOii 
sometimes Hierc is persistent patency is a matter for speculation ^ 
The duet IS short, not more Hian a third of an inch, and its lumen 
though sariahle, ,s on aserage under half an inch m diameter In rare 
instances aneurj srnal dilatation of tlie duct occurs 

Tlie nett ctlect of a eommunicatum betw een the aorta and pulmouar V 

arterv is the same ns m arteriovenous a.. I'uimoiiary 


arterj is the sanii 
more peripherally 


communication m large vessels 
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As about 30 to 50% of tlie \raitncular output of the heart maj be 
swung to the pubnonarj circulation, the heart enlarges and tlie stem 
■\ essels and branches to the lungs dilate to accommodate the augmented 
blood flow Effort increases the o\crflow mto the pulmonarj circuit 
and thereser\e diastolic blood pTe«Biu-e is reduced to undetectable 
lei el Cj anosis is absent usually, for already a plethora of blood 
reaches the lungs 

Hj-pertrophi of the left ventricle is an inentable outcome of tlie 
long contmued purposeless expenditure of effort, and it maj culminate 
in heart failure at an earlj age At first there maj be little impairment 
of health sa^e for retarded development, but the expectation of life is 
usually reduced on an average to twentj five to thirt) j ears 

The most serious consequence of a persistent ductus is infection of 
the surface of the pulmonary arterj — the equivalent of subacute 
bacterial endocarditis, and about 30% of subjects fall victim to tins 
complication which formerly was invariablj fatal The contmued 
impact of blood at high veloci^ against the pulmonarj arterj 
prrfisposes to weakening of the endothelium opposite the fistula and 
thrombosis results infection bj streptococci especiallj str viridans, 
IS common, and a succession of infarcts ui the lungmaj result m fatabtj 
Closure of the patent ductus has proved effective m arresting the 
infective process indeed, blood cultures previously jielding the 
infecting organism are rendered sterile almost immediatelj 

Congenital Stenosis of the Pulmonary Artery The structural 
abnormalities m this form of defect are subject to coiuiderable v armtion 
The characteristic features, vjiter alio, aTe--(i) stenosis of the pulmonary* 
arterj and its branches and a bicuspid and narrow ed condition of the 
pulmonarj valve, (2) patencj of the interventricular septum winch 
maj extend to within the aortic lumen (see Fig 101), (8) enlargement 
and dilatation of the aorta, which maj assume a rotatrf (dextra jxised), 
ov erridmg axis, i e , crossing over the right bronchus before it assumes 
Its normal position distallj Effective blood flow to the lungs is impeded, 
and tVe Tight ventrictehj-pertrophies enormously , the pulmonarj conus 
IS mconspicuous and tlie hevrt has asbape likened to aDutch clog Other 
abnormalities such as a coe?ustent patent ductus, aberrant or imusuallj 
thm pulmonarj arteries, or ev en absence of a mam arterj are common 
The combination of defonruties, subject to v ariations, is known as the 
Tetralogy of Fallot, and its clinical effects were long agi described 
as the “ inaladie him ’’ 

The above combinatioii of defects is tcsponsible for reduced blood 
flow to the lungs Blood seekmg oxygenation is re-camed to tlie 
sjstemic circulation through the septal defects It is not surprising, 
therefore, that the two most conspicuous features are severe djspnosa 
on the slightest effort and cjanosis The expectation of life bejond the 
age of ten jears is verj low Collateral features of anoxemia are 
polj cj themm to a level as great as 10 000 000 red cells per c mm , and 
a Jismoglobm carrjing level of as much as 180% In this, as in otlier 
congenital cardiac defects, pressure readmgs and oxjgen saturation 


* CoDgeuta) stei o is of the pulmcnaiy arteiy as aa i 
rare, present only In about 9 per thousand abuormabties 


ndependent defect 


verj 
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tests of blood from within the chambers of the heart (secured b> a 
catheter passed Ma an arm vein) have been helpful in estimating the 
proportionate amount and quahtj of blood destined for the pulmonarj 
circulation 

It IS to Blalock (Baltimore) and his associates and to Potts (Chicago) 
that w e ow e the ingenious devices whcrebj the pulmonary stenosis may 
be by passed to provide a diannel wherebj blood may reach the lungs 
for effectis e oxj genation 


COARCTATION OF THE AORTA 

Congenital stenosis of the aorta immediately distal to the origin 
of the left subclaA lan artery is a rare but important cause of arterial 



Jio 101 Conpen tal pi Imonary strnosis will assoc ateil features of 
I allot s tetniopy The Iiigc r ght senlr cle lias been opened The 
lower rodlswYn nnpatenl nter sentr cuiarseptum t'i cno\crr les 
fl c aorta Tl c upper rod is in a small aberrant artery wh ch joins 
the left pul/nona^ artery d sinl to aa am of ntrrs a an nnusutl 
mslformit on 

1 jpcrlcnsion manifest m the i pj er part of the body Maude Abbott 
found such a constriction present independently in 1 12 of a thousand 
examples of cardiovascular defects and that it had a proportionately 
higher incidence m males than females (3 1) In many instances (about 
"0%) coarctation is associatetl with a bicusp d formation of the aortic 
% nl\ c a condition w hich predisposes to infcctu e endocarditis 

In coarctation the stricture is s tuatetl at or about the Ie\cl at which 
the ligamentum arteriosus joins the aorta The narrowed section tough 
and hyaline m texture is about 4 to 5 mm in length and m width less 
than a centimetre The aortic lumen ma\ he rediical to 2 or 3 mm or 
there ma\ he complete obliteration Not only is the aorta constricted 
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but js indrawn b\ fibrous tissue whidi connects it to tlie pulmonar^ 
arten and the adjacent mediastinat tissues 

The calibre of the aorta distal to the stricture is subject to rariation 
it maj be normal, or it ma\ be greater than normal, m a few (10%) it is 
reduced m diameter and its coats ma> he poorlj developed The 
subclavian arterj proximallj is dilated The intercxjstal arteries, the 
major Imics m the collateral blood suppU to the lower part of the bod> 
are large and tortuous, and tlie direction of blood current witliin them 
is reversed 

Coarctation of the aorta is responsible for elevation of blood pressure 
in the mam arteries of the head and neck and upper extremities, and 
diminution m those distal to the stenosis Tlie compensator\ collateral 
channels are accordmg to anatomical pnthwajs, so that dilated and 
pulsatile vessels are obxnous m the axilla, the chest wall, and the 
mtCTscapular region In some instances the dilated and tortuous 
intercostal artenes cause notching or exaggeration of the normal 
vascular groove m the under ma^m of the ribs 

In coarctation the long sustained high blood pressure — it ma\ (even 
m childhood) be as much as 180 mra ofUg in the arm compared with 
90 mm in the leg— predisposes to h>T)crtrophj of the heart dilatation 
and atheroma of the aorta and finalh failure from aortic v alvc incompet 
ence Other causes of earlj death are cerebral h-emorrhage, rupture of the 
heart and infective endocarditis It is not suTpnsing that the average 
length of life m coarctation is low, probabh not more than thirtv five 
vears 

If the local anatomical conditions allow, resection of the stricture 
succeeds though in some instances the stenosis inv olves so great a length 
of the aorta that restoration of contmuitv of the vessel would be 
impo<sible 
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CHAPTER X\III 
DISEASES OF THE BREAST 
STRUCTURE OF THE BREAST 

The epithelium of the breast, the lining membrane of its ducts and 
acini, IS derived from the epidermis on the \entra! aspect of the fcctus, 
and the breast may be regarded as a collection of greatly modified 
sweat glands The first indication of the dev eloping breast is to be found 
in the second month of mtra-utenne life At this period the ducts, 
twelve to tn enty in number, appear on the deep aspect of the epidermis 
and extend as solid cords into the superficial fascia, from which they 
derive a supporting framework The ducts become canalized, branch 
repeatedly and form abundant lobules, which extend into the surround 
ing fibrous tissue Prom their blind extremities the acmi develop 
The acmi are scanty and lU developed until puberty, after which they 
show a remarkable faculty for periodic proliferation and retrogression. 

The fully developed breast consists of a number of lobules, each 
somewhat pyramidal m shape and supported by a framework of tough 
fibrous tissue On tlie superficial aspect, this framework is attached to 
the deep surface of the skin by the suspcnsor> ligaments (ligaments of 
Cooper) 

The ducts, deep to their orifices, cxp'vnd just below the nipple 
to form ampulla, which serve os reservoirs for milk At the nipple 
the ducts are lined by squamous epithelium continuous with the 
skin, and os they arc narrow they arc liable to be occluded, either 
by periductal fibrosis or by epithelial dibris in the lumen Below the 
nipple the ducts are lined by a double lajer of columnar or cubical 
epithelium supported connective tissue containing both elastic 
tissue and jihin muscle fibres As Oic terminal ducts ore approached 
the ehstic tissue and muscle fibres graduillj diminish m number, 
and the acini which in the virgin breast are scantv and small arc 
lined merelj with epithelial tells and a basement membrane Ducts 
and acini he embedded in an abundance of areolar tissue, which is in 
turn bounded by the tougher supporting framework of the gland 
The delicate tissue immediately surrounding the acini fulfils an im- 
portant r6le, for during pregnancy and lactation it provides a ready 
‘ accommodation space ” for the immense proliferation of secretory 
cells then required 

Physiological Changes in the Breast. In mfancj and childhood the 
breast remains undeveloped, and consists principally of the larger ducts 
embedded m fibrous tissue Acmi are scanty, and those present are of 
small size In the male this state persists throughout life, but m the 
female the gland undergoes remarkable changes in preparation for its 
functional activity during the reproductive penod 
»n 
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The Bist of these changes usually begtos at puberty. At tliis time 
the breasts increase in size sightly, the ducts branch and rebranch, and 
&om their extremities alveoli of secretorj- cells bud out. Occasionally 
this physiological hyperplasia may be exaggerated, matted by temporary 
enlargenent and tenderness of the breast, or even by the secretion 
of milky fluid — “puberal mastitis.'* A similar transient phase of 
activity tnav occur in the nesv-bom — mastitis neonatorum.” 

Puberty past, the breast enters upon its virginal phase, svhicli 
continues unt3 intenupted by pregnancy and lactation or until the 
advent of the menopause. The virgin breast is generally in the state 
described above, and its acini are scanty and smalL Yet, the gland 
IS not entirely inactive, but Is subject to recurring phases of proliferation 
and retrogression at the menstrual periods. Coincident vrith ovulation 
and the formation of the corpus lutenm the epithelium lining the 
tenrunal ducts prohferates, and the acini increase both in size and in 
number. Failing impregnation, and when the stimulus assoebted with 
the menstrual period ceases, the newfy formal acini shrink and disappear, 
and the breast returns to its normal intcrmenstiual condition- 

In pregnancy and betation the breast attains its zenith of physio- 
logical activity. Towards the latter part of pregnancy the cells lining 
the acini proliferate, and innumerable new acini bud out, pushing 
aside the peri-acinar areolar tissue and occupying every arailable 
space, even Blling and enlarging the nipple. The secreting cells become 
columnar in shape, and almost fill the acini, and the whole picture is 
thus one of immense physiological activity. 

Insfiliition. At the end of lactation, and again more completely at 
the menopause, the breast undergoes a process of mvolution, whereby it 
becomes reduced in size, often loa thin fibrous remnant which is barely 
palpable even in thin subjects. The microscopic changes are varied, for 
involution is characterized both by atrophy and bv a certain amount of 
proliferation. 3Iaay of the epithelbl cells of the ducts and acini disappear 
mtirely, but a few remain and may proliferate to form minute cj'sts or 
solid epithelbl buds. The stroma of the breast becomes thickened 
by fibrosis, so that the delicate peri-acinar tissue becomes lost in bands 
of tough scar. The elastic lamina, previously a thin layer principally 
limited to the walls of the ducts, may become increased in amount and 
may spread around the acini. Often there is a lymphocvtic infiltration 
of the stroma. 

The involution process b one of peculbr interest in rebtion to many 
diseases of the breast. Lirolutioa changes are so common in a breast 
after the menopause that they are often regarded as normal, hut it 
should be recognized that they are not merely the changes of senescence 
and decay. The involutiag breast b the site of proliferative activity 
as well as of atrophy, and in some cases the proliferation may approach 
that seen in “ chronic mastitb.** 

MASSIVE HYPERTROPHY OF THE BREAST 

Diffuse enlargement of one or both breasts mav result from tumours, 
cysts, or other drcumscribed ledons, or it may occur as a manifestation 
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of general obesity, but the term “massnc hjpertrophj *’ refers to an 
entirelj distinct condition m \»hich there is a diffuse overgrowth of one 
or more elements of the mammary gland proper 

JIassi\ e hj^pertrophy is a v er> rate disease, and there are fewer tlian 
100 authentic cases on record Almost invariably the disease affects 
both breasts, though not alv>ays equally In the great majority of cases 
it commences at puberty (puberal hypertrophj ), but occasionallj it has 
appeared durmg pregnancy or lactation 

The breasts gradually increase in size, and m the course of a j ear or 
two may attam the weight of a kilogram or e^en more, and hang 
to the level of the thighs. Tliere is no commensurate increase m 
functional activity, and after cliildbirth there may be no secretion of 
milk TJie skin of the breast becomes dusky and congested and some- 
times thickened, and the superficial veins may be distended The 
areola is enlarged and deeply pigmented The breast tissue is soft and 
sometimes nodular 

The enlargement is diffuse and affects principally the fibrous 
stroma of the gland, although there is also some oveigroirth of the 
epithelial elements Naked eye exammation reveals no characteristic 
change , there is nothing but ” prodigious bigness ” On micro 
scopic exammation there is sometimes a resemblance to the intra- 
canalicular tj^ie of fibre adenoma to which it may be related 

Jfassive hypertrophy is usuallv accompanied by amenorrhoea, and 
other de% elopmental anomalies of the reproductive organs Such 
features, together with the period of onset and its bilateral nature, 
suggest that tlic cause is some perversion of internal secretions probably 
of OA anan or hy pophy sial origin 

The rapidity of the enlargement sometimes leads to a suspicion of 
malignancy, but actually malignant cliange is rare A more important 
complication is mfection, which may be of se\cre type. 

ACUTE MASTITIS AND JMAMMARY ABSCESS 

This IS an acute bacterial inflammation of the breast Apart from 
rare cases m which the mfection complicates tumours or cysts or other 
existing ’lesions, it occurs a’lmo^t always ciuring or siiorfly after 
lactation The organism is usually staphy lococcus aureus, less 
commonly a strcjitococcus, and the infection readies the breast cither 
from a fissure m the region of the nipple or along the milk ducts In 
exceptional cases, unrelated to lactation, the disease may follow 
liTmatogenous infection, r g , m ty'idioid fca er 

The disease takes an acute course, with swelling, engorgement of 
the breast, and with much pain ond sex ere constitutional upset 
Sometimes resolution occurs after a fexv day s, with complete restitution 
of tlie gland, but often suppuration ensues and a mammary abscess 
results 

Suppuration is favoured b\ tlie congestion of the breast and its 
milk content. One of the first effects of the inflammation is to obstruct 
the onficcs of the milk ducts, and the retained secretion, which rapidlv 
clots, forms a fertile medium for bacterial growth During lactation 
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the breast is at the height of its functional actiritv, and its lobules 
contain large numbers of highl\ specialized, easilv damaged, secreting 
cells The lobules are separated and dosd\ walled in b> tough fibrous 
septa Ans inflammatorj swelling, therefore, is at first confined under 
tension, and much necrosis of the soft paicnchvmatous elements results 
IThen eventually the pus bursts its confines it tracks widely through 
adjacent lobules forming an irr^ular multilocular cavitj , traversed bj 
fibrous bands 

It IS customary to describe three \anetie» of mammarj abscess, 
according to their position in, behmd, or in front of the gland In an 
vntra tnamiaar\ abscess the infection spreads from lobule to lobule, 
fierhaps mvolvmg the greater part of the breast. Suppuration is slow 
to develop and ^ associated with much damage to the secreting tissue 
If the abces> arises superfcialls in the breast, or m an outlving glin 
dular lobe m the nipple or under the skin, it rapidlv qireads to the 
subcutaneous tissue — one form of pre mammary altctss — and in this 
situation It jxnnfs rapidh with httle damage and few constitutional 
s\ mptoms Pre mamman abscesses mas arise also from infection of 
a sebaceous gland or from superficu) celluhtis and m such a case the 
breast i> not affected 

\ deep-seated intra mamman aliscess ma\ spread to the connects e 
tissues belund the breast — reiro mammary obscest Su^ an abscess 
ma\ hai e the shape of a collar stud with a small canti in the deeper 
part of the breast communicating with a larger one m the retro- 
mamman connectne tissue plane RareU a retro-mammars abscess 
anses from other causes e g secondar% to an infected hxmatoma or to 
osteomt ehtis of a nb 

CHROVIC .'USTinS (C>$tjc MasUlis) 

This is a disease of confused nomenclature, complicated morphology 
and baSlmg pathogenesis, and it has been described as the “ root and 
centre of all difficulties in breast patholo^n ” It is now cleaxlv 
recognized that the disease has a fat greater significance than that of a 
mere infla m mation but its true nature is still a subject of controversy 
This is reflected also in the diversity of nomenclature adopted b% 
difierent writers for cvstic mastitis, diffuse fibro-adenoma, miolution 
disease, and a host of other names base been applied The term 

chronic mastitis is unsatisfactorv, for it mdicates an inflammatory 
lesion but it has received general adoption and for the present it ma\ 
therefore be retained. 

The features of chronic mastitis are mans and \aned, but three 
stand pre-eminent, namely (i) capncious fibrosis of the peri acinar 
and penduclal tissues, ( 2 ) c«tic dilatation of acini and ducts, and 
(3) widespread proliferative changes m the epithelial lining cells 

On section, the corpus mammas is tough and fibrous, of greV or 
grevish yellow colour and of the consistency of mdianibbcr It differs 
from a scirrhous carcinoma m lacking the ston> hardness of that 
condition and m contaimng none of the characteristic small yellow spots 
of epithelial debru CNrts are usually, Uiough not invanablj, present 
Most often they are s m a ll , only a few miUimetres in diameter, and 
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scattered through the whole substance of the breast, but occasionally 
there is a solitary cyst, or two or three are present, and they may 
attain considerable size Rarely the whole breast is occupied by large 
cystic spaces (cystic disease of the breast, Schimmelbusch’s disease, 
R^clus’ disease) The mam ducts of the breast are often visibly dilated, 
and filled with creamy fluid or soft yellow ddbm The content of the 
cysts may be of similar nature, but it is usually thm and natery , either 
clear or slightly turbid, rarely blood stained t^Tien the cysts are large 
they projert beyond the confines of the actual gland, and form tense 
rounded swellings Such cysts, distended with clear fluid, hai e a blue 
colour when exposed by incision of the tissues o\erlying them, and 
have been called blue domed <^ts (Bloodgood) Sometimes the cysts 
contam papillomatous growths (Brodie’s tumours), and although these 
arc usually small and barely recognizable without the aid of a lens, they 
may occasionally attam considerable size Thus it is possible to trice 



Tig 102 Chronic mastitis The breast u fibrous and contains 
Dumerous cysts 
(Byenirictiro/lfr / Xf 


all intermediate forms between simple chronic mastitis and true benign 
tumours (papillomata and adenomata) 

Microscopic Appearance The microscopic appearance is v ery 
varied, both in different breasts and m different parts of the same 
breast In one region fibrosis predominates in others cyst formation, 
and in yet others epithelial proliferation 

TVie fforosis Wit ’AWwaAt ptiv tienvwr •perJ1^■Qc\n^ 

connective tissues The new fibrous tissue is often infiltrated vrith 
lymphocy'tes and plasma cells , and the elastic lamina, previously a 
tenuous Hver related only to the ducts nm extend to enclose the 
acini The cysts varv greatly m size and slnpe Thev contam fluid 
and epithelial dibris and often large masses of cells derived from the 
duct wall Some of the cy sts are lined bv cells similar to those of normal 
mammary ducts others by somewhat larger pale staining eosinojihil 
cells These ‘pale cells ’ closclv resemble the epithelial i ells of sweat 
glands and have been rcgardetl as sweat gland rests of developmental 
origin Alore probablv thev are derived from the onimarv eclN of the 
breast itself a modified sweat gland \ctordmg to Clieatk tlic evsts 
arise jirincipallv from dilatation of the ducts and m sen il sections it is 
sometimes possible to trace the whole length of a duct with its branches 
and related acini ns a long, tortuous, ddatcfl channel 
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The cause of the cjst 
formation is not definitely 
settled B} some it 
is attributed to fibrosis 
and consequent dustor 
tion or obstruction of 
the ducts bj others to 
excessive proliferation of 
the lining membrane It 
IS I kely both these 
factors operate for m 
some plices the lining 
membrane is atropliictl 
and flattened as though 
from distention while m 
other parts it shows esi 
dence of active growth 
and proliferation 

Epithelial Prolifera* 
tion m Chronic Mastitis 
The epithelial prolifera 
tion or hjperplasia is 
no^ regarded as the 
most conspicuous feature 
of the disease The proliferation takes many forms, all of which 
may be recognizable in a single breast, and there may be a continuous 
gradation in different parts of the breast or in a single duct, from 
simple overgrowth to hj pcrplasia indistinguishable from malignanej 

E K Danson recognizes two main types of proliferation adenosis 
and epithebosis ^denosirdenotesproliferationwhich though e\cessn c 
still conforms to the ph> siological pattern and consists in an increase 
of glandular tissue suiular to that m pr^nanej Such adenosis may 
affect the whole breast or occur in localized areas TOien present in 
excess it niaj lead either to a diffuse adenomatosis or to one or more 
localized tumours (fibro adenoma) 

EpttAehosis denotes an increase of epithelium which does not form 
glandular tissue of physiological pattern but which fills up and distends 
existmg glandular structures (ducts or acmi) Such epitheliosis may 
consist in a simple oiergrowfh of the epithelial lining cells or m papil 
lomatous proliferations 

In the papillomatous type of prohferation the lining cells multiply 
and are projected into the lumen upon delicate cores of connective 
tissue Such proliferations are common m chronic mastitis and occur 
either in dilated ducts or m cysta Generalli , they are found only on 
microscopic examination but one or more may attain considerable size 
and present all the characters of a simple tumour (duet pajnlloma or 
intra c\ Stic papilloma) 

The massive tvqje of epithelial proliferation is the least common 
Tl e ducts are filled by solid masses of hyperchromalic ceils whicli show 
every sign of rapil growth The cells mdividualiy appear malignant 



Fio ICI Chron c mastitis X 100 There are 
several d lated ducts Celonr on the right s dc 
the ducts are distended as though from obstruc 
t on and the r epithel al 1 ning is flattened 
Abore on the nght a dilated duct conu o* a 
lanlorm pap llomatous moss ot proliferated 
epithel al celia The connective tissue between 
the ducts IS flbrous and b inflltrated by lympho 
cytee 

(R«V4l Cetlw «/ rArrifiast «/ shtffA) 
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and can be distinguished from invasive carcinoma only m that thej 
are confined to the lumen and do not invade the surrounding tissues 
Such a condition approximates closely to the “ intraduct carcinoma 
described by Sluir 

Types of Chrome Mastitis Two mam forms of chronic mastitis may 
be recognized clinically, the localized and the diffuse The localized 
form affects principally one segment of the breast, although microscopic 
examination generally shows that the changes are not entirely circum 
scribed, but are present over a wide area and m both breasts The 
affected part forms a nodular, irregular lump in the breast, and some 
times IS so hard as to simulate cancer It may usually be distinguished, 
howe^e^, by the fact that although easily palpable and clearly outhned 
when the breast is held between fingers and thumb, it loses both its 
definition and its sense of induration when pressed agamst the chest 
wall In other respects the distmction is not always easy Chronic 
mastitis rarely causes retraction of the nipple or dimpling of the skin, 
but since these two signs may be absent in the early stage of cancer — 
the ideal stage for treatment — their diagnostic value is limited More 
over, in mastitis slight enlargement of the axillary glands is not un 
common and it may pro^ e misleading 

The diffuse form affects the greater part of one or both breasts, and 
for this reason is less likely to be mistaken for malignant disease The 
ciinracteristic feature is a diffuse, fine granularity, most easily defined 
when the breast is palpated between the fingers and thumb 

Cysts may occur m either type, and if large are readily palpable as 
smooth, tense, mobile swellings In some cases, one or both breasts are 
completely cystic (Schimmelbusch or R^ius* disease) 

Chronic mastitis may develop about the period of the menopause 
but often it occurs much earlier It is most common m the unmanned 
and childless, but may arise in parous women In the majority of casei 
it is symptomless and passes unnoticed or only attracts attention when 
a lump IS felt in the breast Occasionally, however, there are shooting 
pams cither in the breast itself or referred to the arm 

Nature of Chronic Mastitis The nature of chronic mastitis has been 
greatly clarified in recent years All the available evidence indicates 
that the disease is not due to bacterial infection nor to toxemia but to 
the perverted action of certain hormones which normally exercise an 
influence upon the activities of the breast 

The breast is continuously influenced by ovarian hormones which 
are themselves subject to tlie control of the hormones of the anterior 
part of the pituitary gland To variations in the activity of these 
secretions are due those proliferative changes which occur at puberty, 
at the menstrual periods, during pregnancy and lactation, and at the 
menopause It can readily be understood, therefore, how an abnor 
mahty of this controlling mechanism may lead to the changes char 
acteristic of chronic mastitis, changes which differ from the physio 
logical process of involution only in their greater extent and m the 
predominance of epithelial proliferation rather than atrophy 

So far os our present knowledge goes, both the ovarian hormones, 
oestrin and lutein, exercise an effect on the breast, and it is possible 
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that pituitan hormones may act both direclli on the breast and also 
indircctlj bj controlling the secretions of the o^arj In animals it 
has been found possible to induce chrome cystic mastitis bj repeated 
injections of impure foUiculm or oestnn (Goonnaghtigli), and it seems 
hhelj tliat some abnormalitj, quantitative or qualitatne, m these 
liormones is responsible for chronic mastitis m man 

The Relation of Chrome Mashtis to Tumours of the Breast (1) Simple 
tumours Chronic mastitis is on almost invariable accompaniment of 
simple tumours of the breast Generali), it can be recognized onl) on 
microscopic examination but in some cases its presence is quite obvious 
Some authorities indeed, recognizing the close relationship of chrome 
mastitis to simple tumours, regard them not as distinct conditions 
but as manifestations, differing only in degree, of a smgle disorder, a 
mammary dysplasia Thus a fibro-adenoma may be regarded as an 
extreme, localized form of the “adenosis ” found diffusely in chronic 
mastitis whilst a papilloma may be regarded as an extreme, locabzed 
form of ‘ epithetiosis 

(2) Carcinoma Tlie rehlion of clironic mastitis to caremoma is 
of immense mterest m its beating upon the question of the cause of 
cancer and it is also of great practical importance from the therapeutic 
standpoint for upon it depends the choice so v ital to the v> clfare of the 
patient between conservative measures and radical extirpation In 
spite however of extensive clinical and pathological inv estigations the 
question still remains highly controversial and eminent authorities 
hold opposite views viz ( 1 ) that chrome mastitis is a frequent 
precursor of cancer and (2) that the breast affected vvith elmnic 
mastitis is little if anv more bable to cancer than the normal breast 

The close relation of mastitis to cancer Jias been upheld principally 
by those who approach the subject from the histological standpomt, 
and there is no doubt that on microscopic exammation the epithelial 
proliferation of mastitis may approximate so closely to malignancy as 
to deceive the most experienced pathologist, iloreover, a breast 
affected by carcinoma almost invariably shows evidence of chronic 
mastitis These observations aflonl very strong support for the view 
that at least some forms of chronic mastitis are precancerous Further 
support has recently been fortbeonung from experimental work upon 
the hormonal origin of chronic mastitis, for it has been claimed that ic 
mwe the repeated vuyeetvou of IctticuVin ^cestrm), wbicb has been sbown 
by other writers to giv e nse to chrome mastitis, may in some cases lead 
to the dev elopment of caremoma (Lacassagne) 

From the practical standpomt, however, it must be recognized that 
malignant change is not a regular, or even a frequent complication of 
chronic mastitis The general view is that caremoma is most likely to 
occur m the localized type of chronic mastitis, especially if cystic, and 
that It is a veiy rare complication of the diffusely nodular type 

CYSTS IN THE BREAST 

The great majority of cysts in the breast are those related to chronic 
mastitis, and have already been desenbed 
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A rather uncommon type of solitary cyst is the galaciocele, or milk 
cjst It develops durmg or shorth after lactation, probablj from 
obstruction to one of the principal ducts At first the content is thin 
and milky, and the cyst is tense and thm walled, but finallj tlie milk 
graduallj becomes inspissated, and the wall loses its epithelial lining 
and becomes thick and fibrous, so that it maj eventualh resemble 
and be mistaken for, a dermoid cjst It forms a painless, rounded 
swelling situated close under the nipple At first it is tense and elastic 
and IS mobile within the breast Sometimes a little milk\ fluid may be 
expressed from the nipple Later it acquu-es a more solid consistence 
and becomes fixed to the surrounding breast bj fibrous adhesions The 
historj of onset durmg lactation usuan> suggests its origin 

Cysts may arise in the breast m relation to tumours, and thcj will 
be descnbed m the appropriate place Blood cjsts occasionally arise 
from the encapsulation of old hiematomata The so called retention 
and lymphatic cjsts are probabl> TeaU> c>sls in connexion with chronic 
mastitis 


TUBERCULOSIS OF THE BREAST 

This affection occurs principally in middle aged women It is 
a rare condition though like other forms of tuberculosis it is not 
uncommon m Scotland 

The breast is usually involved by direct spread of the disease from 
some neighbouring structure, e g , from a rib, from a lymph gland in 
the axilla or from tuberculous pleunsy Rarely, it is involved in the 
absence of a neighbouring focus, and the infection must be presumed to 
have readied the breast b} the blood stream 

In the common form, secondary to tuberculosis of a costo chondral 
junction, there is a deep seated, s^miptomless swelling— a cold abscess 
— which may track forwards and downwards, involving the mammarj 
tissue Eventually it comes to the surface, generally at the infra 
mammary fold, and gives nse to a sinus 

Less often, in the early stages a hard nodular mass may be felt m 
the breast, and may be mistaken for a focus of clironic mastitis or ev en 
carcinoma It consists of an aggregation of tubercles, partly caseous 
and matted together by fibrous tissue Such a mass generallj softens, 
and in the course of time gives nse to a cold abscess, or it may stimulate 
much fibrous tissue and lead to extensiv e sclerosis of the breast 

SIMPLE TUMOURS OF THE BREAST 

These arc fibro-cpithelial tumours composed of v arious proportions 
of glandular and conncctiv e tissues In the past it has been customary 
to recognize a large number of different types, but it is now admitted 
that manj of these depend merely upon variations of degree rather 
than of kind, and that actuallj all ore closelj related The most simple 
and genemllj useful classification recognizes three principal tumours, 
two forms of fibroadenoma and one form of papilloma Tvpicallj, 
each of these is distinguished by stnkmg cliaracteristics, but inter 
mediate forms may occur in winch the designation is difficult 
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In regard to the letiologj of these tumours, a great ad\ance has 
be€n achieved m recent years Bj the ernpIo}-ment of irhole section, 
“ key block,” and other methods it has become possible to study the 



tic tC-t rencanabculir (ibro-adeooma of Uie breast, retnorcd from a 
«oma& twentT-eifrlil vean Tbc tmooor had grown <Iow1t during 
several vrarv. It is non malignant, and is suirooDded l>v n wall 
defined capsule of condensed fibrous tissue 
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breast as a whole Such studies show clearly that a simple tumour is 
rarclv the oalv pathological lesion, but is often accompanied by changes 
of the nature of chrome mastitis in the rest of the breast ; and tliere is 

much endencv to sug- 
gKt that the two 
lesions are connected, 
and that the tumour 
mas be regarded as a 
very localized and ex- 
treme form of Uie same 
proliferative change? as 
exist in chrome mastitis 
Simple tumours 
other than fibro- 
adenoma and papilloma 
are rare Fibroma, 
adenoma, lipoma, 
myxoma, and angioma 
have been described 

Ftbro-adenoma 
Two pnnapal types 
of fibro-adenoma are 
recogmzed ; (o) pen* 
canalicular and (6) in- 

, . tracanahcular. 

(o) Pencanalicular Fibro-adenoma, A peneanalicuUrfibro adenoma 
ewurs typically m young women from twentv to tiurtv vears of age, 
Uiougli cKTasionallv later m Me It ,a isuaUt siiall. 6no, and 
or Sion gionth (hard fibroma), but TOi} be soKer, Wen to the softness 



Fio 1C3 I’encftualiculir fibro-sdeepms of the 
breast, \ctiu lined bv a smgle Uyei ot eolumaar 
or cubical cells he embedded lo a fibrous strona, 
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of a lipoma It is rounded or ovoid, and almost in\arnblj encap 
suled, and is mobile 'withm the substance of the breast Wien the 
capsule IS opened and incised the tumour may be enucleated bke a pea 
from its pod, and like the pea it has a pedicle of attachment where its 
\ essels enter 

The pericanalicular fibro adenoma is believed to arise as a result of 
an extreme but localized proliferation comparable to the “ adenosis ” 
of chronic mastitis (p 374) It is as though a ductule or a number of 
related ductules bud out into innumerable new acini, nhich fill the 
“accommodation space ’ and hollow out a cavity for themselves 
within a capsule formed by the surrounding fibrous tissues 

The microscopic structure is extremely simple, for the tumour 
consists of a variable amount of fibrous tissue m which are rounded or 
o^al aeini lined by cubical epithelium Depending upon the amount 



F^o IOC Intracanaiiculur fibro ndenoma of the breast The tumour 
forms a cauIiHowcr like growth and fills and distends the c>'St in which 
it lies 

{Dfpartnei>l of Sutgtff C» of EJ nh rjA ) 

and nature of the connectn e tissue, the tumour is soft or hard Occa* 
sionall}, when the stroma is scanty, the appearance is that of an 
adenomn, and wAen ihe sfroma preponcfenifcs ffte ftnuoffr naty ?fate 
the character of a fibroma 

(6) Intracanalicular Fibro-adenoma An intracanalicular fibro 
adenoma differs Ixith m appearance and progress It occurs commonK 
at a later age period (between thu-tt and fift\ jears) and grows 
somewhat rapitllj Tlie consistence is soft and eventuallj the tumour 
maj attain great size and is liable to be mistaken for sarcoma On 
section the tumour appears partlj cjstic and parth solid and in 
places the solid portions project into the cj sts m the form of bulkj 
caulifiow er like processes of complicated structure {cystatlmoma or 
M\iracysUc papillary adenoma) 

The tumour probably arises from osergrowth of tlie delicate con 
nectue tissue immediately outside the ductal epithelium In its 
growi-h this tissue projects into ducts and dilated spaces m a complicated 
mass of blunt, round^ processes each coscred with epithelium ^\lth 
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increase in sue these processes adhere and form secondary attach- 
ments to the duct or cyrt sralls. This complex three-dimensioaal 

growth is not easOv 

recognizable in sec- 
tioas, and microscopic- 
aDy the tumour con- 
sists merely of large 
tracts of connective 
tissue containing sht- 
hfce, semilunar or ir- 
regularly branching 
spaces lined by cubical 

t epithelium. The con- 

1 nective tissue of the 

tumour is extronely 
delicate, of almost 
m\-xomatous appear- 
ance, and it may be so 
cellular as to resemble 
sarcoma. Sarcoma- 
tous change oecasioa- 
&lly tales place (edeno- 
fortoma). 

The tumour at fin 
IS mobile and on inci- 
sion it may be shelled 
from a deflate capsule. 

1 sne It becomes irregularh lobulated, its shape h 
mex^ed by cyst fcrmation. Later if mar adhere to the deq> surface 
of the skm. and h\ pressure may finaOv fungate. This appearance, now 
rarely wicountercd, may suggest iiikignanc\-, hence the old name 

‘cysto-sarcoma fungoides." 
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Ihict Papmorna (lotzac>'$tie Papilloma) 

ITiB B an epithelial tumour arising from the lining cells of a Urge 
and projecting into the lumen of the duct, which coinddentlv 
b^j^ dflat^rra cystic It is sfow-growing. and occurs usuallV 
about the period of the menopause, though occasionaflv in vounrer 
women. . . * 

It 15 recogmsiMg as . nniadrf miss of ims size up to that of a 
hras egj, gtuerinv situated dose nuder the mpple, lehieh mav be 
''«<>^'«<i’"thil.e tumour thie IS 
blood-staiued Euid iioui the ufpple. 
IS seen as . papillazT gmuth ptoieetin- 

to whSus ofteo 

aunCTcnt at numerous points. 

■ '*■ “ <»“pta dendntic core of dcheate 

eonneeUTe tesue surniounted by hyperplastic columnar epHhelmin 
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either in n single layer or, more frequently, several cells m depth 
Usually only one palpable tumour is present m the breast Rarely there 
may be two or three of approximately equal size As Cheatle has 
emphasized, howeier, careful examination frequently reveals early 



Fio lOS Duct papiIlomA of the breast-~5/0 natural sue The tumour 
has projected into and distended one of the mam ducts of the breast 
The duct is cut across m two places in the nipple and deeper in the 
breast and portions of the extensive papilloma are seen m each 
situation The underlying breast sho^rs ytry well the ‘adenosis 
of chronic mastitis 

{lAbontoty cj Rq/at CeOtf* <>f Pk]i*viani »/ Eiitibvtth ) 

changes of a similar nature widely distributed throughout the breast 
A duct papilloma is apt to undergo malignant change and discharge 
of blood from the nipple is suggcstis c c\ idence of its occurrence Some 
authorities belioe that duct papdioma is itself m the early stages of 
malignancy It is certainly to be regarded as precancerous 


MALIGNANT TUMOURS 
CARCINOMA 

Four of every fl\e turnouts in the breast arc malignant, and of these 
the %ast majority are carcinomata Sarcoma and other rare growths 
account for only 8% Carcinoma of the breast is, moreover, one of the 
commonest of all malignant tumours sliaring this distinction with 
carcinoma of the uterus but fortunately, mmg to its accessible position 
and comparatively slow growth, its recognition is often possible in the 
early stages, at a time when it is amenable to treatment. 

Tile disease is olmost limited to women, and less than 1% of cases 
occurs in men It appears most commonly between the ages of forty 
and sixty, but it has been known to arise at the early age of seventeen, 
and it is not uncommon in the aged Nulhparte are somewhat more 
liable to be affected than multipare, owing perhaps to the frequency of 
chrome mastitis in the former 
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increase ui size these processes adhere and form secondary attach* 
ments to the duct or evst walls This complex tliree dimensional 

gK»Tth IS not easily 
recognizable m sec- 
tions, and microscopic- 
ally the tumour con- 
sists merelj of large 
tracts of conncctne 
tissue containing slit 
like, semilunar or ir 
regularlv branching 
spaces lined by cubical 
epithelium The con- 
nective tissue of the 
tumour IS extremely 
delicate, of almost 
myxomatous appear- 
ance, and it nny be so 
cellular as to resemble 
sarcoma Sarcoma- 

tous cluinge occasion- 
ally takes place {aieno- 
sarcomo) f ' 

The tumour at ftn 
is mobile and on met 
Sion It ma> be shelled 

.. from a definite capsule 

' ‘tn jyease in size it becomes irreguhrl> lobulated, and its shape is 
mod^ified bj ejst formation Later it mav adhere to the deep surface 
of the skin and bv pressure mav finallv fungate This appearance, now 
rarej encountered, may suggest malignancj, hence the old name 
cjsto sarcoma fungoides ” 
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Duct Papilloma (Intracyslic Papilloma) 

This IS an epithelial tumour nnsing from the lining celU of a large 

a omen ° Ulenopaiise, though occasionaUy m younger 

henl* “f “ s'ea up to that of a 

hens egg, generaUy situated close under the nipple svhich may be 

Tdis hare”‘fT “ "'ft ‘heit Ze is 

On f™"" “e nipple 

from the aSS a dlud TmaZr/mu’ 

flip, riiintpri e,sr,r.« •. smaU in comparison with 

conSeZrEe’ s,',Z“f n °L‘ “«= ‘i'"'”" 

connective tissue surmounted bj hyperplastic columnar epithelium 
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either in a single layer or, more frequently , se^ eral cells m depth 
Usually only one palpable tumour is present in the breast Rarely there 
may be two or three of approximately equal size As Cheatle has 
emphasized, howe\er, careful examination frequently reveals early 



Fto IGS Duct papilloma of the breast-~o/C catural sue The tumour 
has projected into and distended one of the mam ducts of the breast 
The duct is cut across m two places m the nipple and deeper in the 
breast and portions of the extensive { apitloma are seen in each 
situation Toe underlying breast shom very well the adenosis 
of e! ronic mastitis 

iLabtnlo y «/ nojrol CetUfi ^ Phfnnan* tf Ei nfvrpil ) 

changes of a similar nature widely distributed throughout the breast 
A duct papilloma is apt to undergo malignant change and discharge 
of blood from the nipple is suggestiv c c% idence of its occurrence Some 
authorities belies e that duct papilloma is itself in the early stages of 
malignancy It is certainly to be regarded as precanccroiis 


MALIGNANT TUMOURS 
CARCINOMA 

Four of e> ery fi\ e tumours m the breast are malignant, and of these 
the aast majority are carcinomata Sarcoma and other rare growths 
account for only 8% Carcinoma of the breast is, moreover, one of the 
commonest of all malignant tumours, sliaring this distinction with 
carcinoma of the uterus, but fortunately, on mg to its accessible position 
and comparativ ely slow growth its recognition is oRen possible in the 
early stages, at a time when it is amenable to treatment 

The disease is almost limited to women, and less than 1% of cases 
occurs m men It appears most commonly between the ages of forty 
and sixty, but it has b^n known to arise at the early age of seventeen, 
and it IS not uncommon in the aged Nulliparte are somewhat more 
liable to be affected than multiparc, owing perhaps to the frequency of 
chronic mastitis in the former 
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T)-pes of 'lammarj Carcmcma. In the past an crtremel\ comph 
cated dassxficatioa of carrmoma ot the breast bas been adopted but 
noinidavs the whol" trend of informed opinion is la farour of simplu 
eatioa- 

The extensive researches of Cheatlc and CuUer, Dai«soa and others 
have demcrastrated that the tumouis so vanousfv described are not 
distinct neoplasms but variations &oti a common t^'pe, and that the 
differences in histological structure are vanalions in degree rather 
thftn in kmd 

The subject r'?»n best be studied bv considering the eariv phases in 
the development of a tumour from its onguial cell or cells It may be 


Pin. lC9 IclROOct cazxrer «I Use Vteasl. X CD. Tiro ex toe diKls alv 
cecsp^ bv sabi masrs of «pitbeUi] reLi wbicb bare aO the 
cfcarsctRS of paligaant relb exrer^ list tber io not invade tbe 
eunv npdmg txsstm. Tbe olber t«o doeU are dilated and contain 
eelli cf coKxtnim tvj«. Their itning cell* ihow carlv pn^eralive 
dances. 

(ZakF^V7 ^ CW|* nmncw if Z<l>a«rxi.} 

assumed that practically sU carcmomata m the breast anse from tbe 
epithelium of the duct s\"5tem or of cvsts derrved from the duct svstem 
Thev mav all, tl^efore, be r^arded as foTns of dxut eomrKwifl 
although this fenn is used 6v some authorities in a more fimifed soise, 
to signifv tumours characterized microEcopicanv bv duct or tubule- 
formations 

The original epithelial cells, when stimulated to mahgnancv, mav 
at first proliferate entirelv into the lumen of the duct or cyst, witlmJt 
mvading the surrounding tusues. To this condition of mtraductal 
malignant epithelial proliferation Muir has appLed the term iniraduct 
eamnona {ftt Fig 1C9) Such proliferation mav occur diffusels, 
affecting a large number of cells sima!taneousl% in more one part 
of the breast. In some cases it giics nse to a loealizcd tumour an 
cdmocaretnana characterized micioseop callv b\ the presence of tubules 
Imed bv «veral lavers of hvpaplastic epithelial cells {tee p S34) 

The next stage in the progress of the malignan t cells is seen when 
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they penetrate the basement membrane of the duct wall and mvade 
the surrounding connective tissues With the assumption of invasive 
character, both the microscopic picture and the degree of malignancj 
show an immediate change The cells, originally cylmdrical, now by 
mutual pressure assume a spheroidal shape, and they no longer give 
rise to tubular or acmar formation but grow into the tissue and 
1} mph spaces in the form of solid processes In this waj originate the 
various forms of spheroidal-teU carcinoma of the breast a term which 
embraces the common scirrhous tumour and rare forms such as the 
encephaloid carcmoma and the acute carcinoma of lactation 

The malignancy of the various forms of invasive carcinoma of the 
breast depends upon the functional activity of tlie affected gland In 
an atrophic breast of diminished vascularitj and scantj Ijmph 
drainage malignant cells progress slowlj and become em eloped m a 
stroma of dense fibrous tissue {atrophic sarrhous carcinoma) , ivhereas 
in a well-developed breast of full vascularit} and free l>'jnph drainage 
progress is rapid the malignant cells grow in hrge solid masses and the 
stroma is scantj {encephaloid or medullary carcinoma) The most 
malignant mammarj carcinoma is that which affects the gland in 
pregnanej or lactation when its functional activities arc at their 
zenith and its high vascularitj and copious hmph drainage favour 
intense proliferation and earh dissemination 

Scirrhous Carcinoma 

A hard or scirrhous carcmoma is the commonest form of mammarv 
growth occurring characteristically m women between the ages of 
thirtj five and sixtj five The growth is situated most often m the 



tiG 1"0 Scirrhous carcinoma of the breast Tl e tumour possesses no 
capsule and has inflitrated the tissues of the breast The nipple u 
deeply retracted 

(Dtptrlaffil ef SvTfrrj CnlrtnSt ^ sivP}A ) 


upper outer quadrant of the breast , least oHcn the lower inner quadrant 
IS affected, while the other two quadrants taVe an intermediate position 
as regards incidence Usuallj the growth arises in the substance of 
the gland fairly close to the nipple, but occasionallv an outlj ing lobule 
IS affected first In the axillarj prolongation of the breast a tumour 
mav be mistaken for an enlarged hmph gland Ilarelv both breasts are 
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affected simultaneouslj or in succession— a remarkable exception to 
the general rule, which suggests that cancer ma> depend upon some 




Fio Scirrhooa camooma of the breast ln%sding columns of 

malignaot cells surrounded by a druse stroma of fibrous tissue 

general upset of cellular actmtv as well as upon a local growth 
perversion 

Charactensticall) , the tumour is of small size, and is ston} hard 






Fig l-J Encephaloid cancer of the breast The tumour ts of large sue 
and has undergone extensive necrasis with the formation of a spurious 
cyst. It has invaded the pectoral muscle and has begun to ulcerate 
at the skin surface 

(D*ftrlmt^>/Siirfrw, Cm nrij, tf EJ nlur/KJ 

SO that it IS most et^dent when the breast is pressed b\ the flat of the 
hand against the chest walk From the first it is firralj fixed wjthin tfic 
breast substance, and later, from coatraetion of its tough fibrous stroma. 
It pulls upon surrounding structures When the tumour is related to 
the larger milk ducts it mav cause some delation and fixttj of the 
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nipple at quite an early period Later the nipple becomes deeplv 
retracted Bj traction exerted upon the ligaments of Cooper the skin 
over the tumour may become dimpled, and later adherent Eventual!} 
the tumour becomes fixed and immobile upon the cliest w nil, and it mav 
ulcerate through the skin surface 

■When the breast is cut, the nature of the tumour is usuall} obv lous 
It IS so hard that the tumour ma} creak in the process and impart 
an almost gritt} sensation In the bisaitetl breast the tumour is 
seen to be of small size, but invading the breast m all directions 
and It has no capsule It is fibrous, light grev or pmkish grc} m 
colour, and it retracts somewliat Tphen cat, so that the cut surface 
becomes slightly concave Scattered through the tumour there are 
often pale fibrous 
streaks and pm 
head yellow spots 
of necrotic 
epithelial tissue, so 
tliat the appearance 
IS aptly comparable 
to the cut surface 
of an unripe pear 

Microscopically, 
the tumour is com 
posed of spheroidal 
epithelial cells m a 
stroma of fibrous 
tissue The 
spheroidal cells are 
believ ed to be 
denv ed from ductal 
epithelium, but 
they exhibit no 
glandular arrange 
ment and he simpl} 
in solid mosses orm 
linger fifce cofumns vv fucfi invade f fie surrounding tissues m uii directions 
The stroma is present in abundance and is composed of tough fibrous 
tissue, hence the liard or scirrhous nature of the tumour The elastic 
lamina of the ducts shows striking (and unexplained) ov ergrowth Often 
towards the penpher} of the tumour, however, the stroma is less 
dense and the epithelial cells arc present in greater numbers, as though 
more v igorous and mv asiv e m this region In such places the micro- 
scopic appearance may resemble that of an ** encephaloid ” tumour 

The atrophic scurhous cancer is on extreme variety of the ordinary 
form It IS found in atrophic breasts, and cspeciall} m women over the 
age of sixty five, and it forms n tumour of verj slow growtli and low 
mnhgnanc} 

The breast is shrunken, the nipple deeply retracted, and the skin 
over the tumour deeply puckered The tumour is small, but very hard 
and fibrous, and is firmly adherent. Metostases dev elop only after a 



Tio 17J Acute lactation cuncer of the breast X 300 
Tlie tumour is one of great malignancy Hic cells 
arc of pnmitive character, and there are numerous 
mitotic figures \ malignant giant cell is present 

Itnbonlorf «/ Aojral CMejt «/ Ph^iieiani of BJinbitruh } 
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long period, and death tnav be dela\ed for as long as fifteen \ears 
'licroscopicallT there are small islands and delicate strands of spheroidal 
epill elial cells embedded in dense fibrous tissue 

The 'leduUarj (Encephaloid) Carcinoma has the same essential 
nature as the scirrhous variety , but it is softer, more cellular, and more 
rapid in gnml b andd i<s<»TT>ina tinn. It OCCUrS tvp!cal]> in well-dCTcloped 
breasts m \ounger women, and forms a large soft mass that infiltrates 
mdelv tVhen cut, it is of spongj texture, or almost bramlile 
and haemorrhages and large areas of necrosis are common. Micro* 
<copicaIlr it IS composed of «ohd masses of epi*helial celh sup- 
po*ted m a delicate connective-tissue stroma. The epithelial cells are 
spheroidal or sometimes almo»*’ columnar and mas show mitotic 
figures and other end*nce of rap d dinsion- The tumour is o^en 
vascular and the vesseh. are thin walled, and bleed readils 

The acute cancer of pregnancy and lactabon represents an extreme 
form of the encephaloid tvpe It u a highlv malignant tumou- which 
grows rapidly to large sue, and leads to an earlj fatal issue, often m 
the eouKe of a few months. The broasl becomes diffuselv swollen and 
painful ard dilated veins appear under the shin The tumour is verv 
vascuLr and smee there is alreadv a state of pb«iologicaI hs'penemia 
the whole breast be c o m es hot A slizht nse in bodv temperature ma\ 
be observed with impairment of appetite and and eonse 

quentli the tumour mar be nustaken for a deep-«eated abscess and 
incised 

On cross section the tumour presents a soft hsmorrhagic, infiltrating 
mass ofeen with large areas of necrosis, ^licro$coplcal]v t^ epitb*lial 
cells show everv sign of extreme malignancy Slitobc figures of irregular 
pattern are common nuclei stam deeplv, and the cells varv greatJ> ic 
size and shape. The anaplasia mavbesogreat that tl e tumour resembles 
a sarcoma. 

It should be mentioned that a mammarv caremoma ansmg in 
pregnanev o- lactation docs not mvanablv progre s s so rapidly A 
moderatelv prolonged survival aftc operaboa is not rare. 

Adenocaremoma This titlewas used bi Ilalsted to describe mam 
man tumours contammg large tubular spaces Imed with many Us ers of 
epitheLal cells It is now applied to a tumour m winch the cells are 
not entirelv arranged in sohd masses but exhibi* in places a glandular 
arrangemrat In most cases a tumour of approximates to a 

focalized form of mtraductal malignant bvpoplasta {tee p 380) and is 
consequently of low-grade malignancv Some such tumours are partly 
composed of la^e clear rounded cdls resembling sweat gland cells. 
They have been described as "swcat-^land carcinoma and have 
been regarded as arising from sweat-gland rests isolated during 
devdopment (Creichton) In Dawson s opuuon, on the contrary the 
tumours are denved from the ordmarv epithelial cells of the breast, and 
the pale appearance of the cells residts feom degenerative changes It 
IS possib’e that otlier adenocarcewmata arise from the malignant 
transfonnation of papillomata in ducts and ersts. 

^lucoid Carcinoma (Colloid or Gelatinous Caremoma) Small areas 
of mucoid degeneration are not uncommon m mammarj growths and 
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occasionally this change is sufficiently ob% lous to merit separate descnp 
tion In vrell marked examples a large area or e\ en the entire tumour 



lio 174 Nlucoid (colloid) cancer of the breast Tbe tumour is an adeno 
carcinoma that has undergone mucoid change and it contains numerous 
cystic spaces ilUed with jelly like material Though massive it is 
fairly well circumscribed and not very malignant 

9f SHrgtrt 


is affected The mucoid material is a product of the malignant 
epithelial cells At first it lies rvithin the cells uhich as a consequence 
become distended to 
signet ring shape 
Later the mucoid 
material is set free in 
the intercellular 
stroma sometimes in 
such large quantities 
as to obscure the small 
and more or less 
degenerated epithelial 
cells 

“Mucoid cancers arc 
usually bulk^ and of 
soft consistency , but 
their apparent mahg 
nancy is usually belied 
by slow groi% Ih and 
late dissemination 
Occasionally, houe\er, 
they are rapidly m\n 



When cut, the 
tumour IS seen to be 


Flo l“3 ^lucoid cancer of Ihc breast X SO 
Small Collections of spheroidal epithel al cells are 
surrounded by masses of mucoid (colloid) material 

{LtA^rtlarf «/ Adyol CoOiv* <>/ FkutieiaM e/ B4 niuryk } 
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composed riiamlj of soft, jelh like material, jelJoi^ or red m colour 
often coUected in cj-st like spaces Id places there are masses or 
streaks of solid tumour tissue of p&le colour 'Microscopicall> , there is 
sometimes difficulty m recognizing the nature of the tumour, for man} 
of the epithelial cells are degenerate, and are scattered as small 
islands in homogeneous jelh like areas of mucinous substance 

CARCLNO'IA OF THE MALE BREAST 

Cancer of the male breast is rare, no doubt for the reason that 
it IS exempt from the ph} siological stresses to which the female 
breast is subject. It is significant that gsTiecoraasm is present in 
a considerable proportion of eases In ^neral character the tumours 
correspond to those of the female b and they are usuall} of slow 
growing scirrhous ts"pe. ^fost case- nr between the ages of fifty 
and sizt} scars ^ot infrcquenlle ti reast has been subjected to 
constant or repeated trauma often occ lonal — for example, b% the 
pressure of a bootmaker s last Rarel} toe caremoma takes origin in a 
simple tumour of long duration Since the male breast is of small 
dimension the tumour earU trangresses its bmiLs and uisades the 
pectoral muscles the skin and the l\*mpb glands This earlv spread, 
together with the techmeal difficult} at operation of excising a suffi* 
cientl} wide margin of health} tissue from the thud} clad male thorax, 
renders the prognosis somewhat more grare than in the female 

SPREAD OF CARCISO'IA OF THE BREAST 

The methods and routes of spread of carcinoma of the breast ha\e 
been the subject of prolific research and much well-established informa 
tion has resulted The pathological and surgical importance of the 
subject requires no emphasis 

Spread cia Lymph Vessels This is by far the most important route 
for dissemination in cancer of the breast, just as it is in an} other 
caremoma 

The actual mode of l}'mph Tascular dissemination remains a contro 
\ersial subject According to Handle}''s theor} of IjTnpliatic per 
meation, the growing neoplasm permeates surrounding tissues in 
dehcate invading columns which extend b} a continuous multiplica 
tion of Its adsancmg cells This invasion takes place radially m all 
directions, whether in the direction of the normal flow of 1} mph or 
against it As the rapidl} growing cells at the head of each column 
progress the cells further back undergo degeneration as a result of 
reactis e fibrosis so that, while the peripheral growth extends the more 
centrall} placed portions are obliterated Thus there is formed a 
more or less circular zone of actisel} progressmg mahgnant disease, 
a " neoplastic ringworm,” which gradualls mcreases m diameter and 
tends to form secondary nodules in skin, bones and viscera at pro 
gressivel} greater distances from the primary growth 

Ilandlcv has offered a mass of xnterestmg evidence in support of 
this theor} He has emphasized that the earliest metastatic nodules m 
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the skin are found close to the breast or in the scar of operation, Tvhereas 
later the skin further distant may be involved Similarly, metastases 
m bone, he claims, occur first in the ribs, sternum and vertebrae, later 
m the upper ends of the humerus or the femur, and rarely at more 
distant si^ations Furthermore, metastases m bone occur most 
often on the same side as the primary growth The upper end of 
the femur, for instance, is involv^ three times more commonly on the 
same side as the primary tumour than on the opposite side 

In recent years, howe^ cr, the permeation theory has suffered con 
tradictions Microscopicallj, it is usually impossible to demonstrate 
e^ndence of destruction of malignant cells and obliteration of Ijunph 
vessels nithin the spreading circle, and on the contrarj the tissues 
close to a primary growth are usuallj more heaviK infiltrated with 
malignant cells than those more distant Companson nith the mode 
of spread of carcinoma elsewhere, eg ,\ti the tongue, does not support 
Handley’s hypothesis 

It IS now generallj believed that extension iid the Ijmph vessels 
depends prmcipally upon a process of embolism, cancer cells or masses 
of cells being detached from tlie parent growth and set free m the 
Ijmph stream They are carried first along the periductal Ijunph 
V essels to the subareolar lymph plexus (Sappej ) or to the extensu e 
plexus of lymph vessels in relation to the deep fnsen Thence they 
are carried to the regional I^mph glands In the earl> stages the 
most important dissemination is to the axillary glands ‘ Leafs 
gland,” close to the axillary tail of the breast, and the pectoral group 
of axillary glands are usuallj affected first From these there is exten 
Sion to other groups of axillary glands and later through the apex 
of the axilla to the supraclavicular glands Occasionally the primarj 
tumour spreads directlj to glands of the apical group bj Ij-mph v essels 
that penetrate the greater pectoral muscle and the costo coracoid 
membrane The small collection of glands in the mfraclavncular 
triangle may be infected bj the same route 

A growth in the medial half of the breast often disseminates early 
to the glands situated along the internal mammarj arterj , and these in 
turn readilj infect the mediastinal glands, the pleura and lung 

Tumours in the lower medial quadrant of the breast are situated, 
as Stiles pointed out, immediately superficial to the sheath of the rectus 
muscle, and not far distant from the epigastrium, so that dissemination 
nii this “dangerous angle” is relatively frequent The peritoneum may 
be mv aded by malignant cells, whicli fonn either multiple small scattered 
deposits or a few large masses in the omentum or on the peine floor 
The liver, often the first viscus to be affected, may be invaded from 
Its peritoneal surface, and is usually riddled with deposits 

In adv anced cases, and rather uncommonly , the disease may spread 
bv ly^nph channels across the mid line, to affect the opposite breast or 
its axillary glands 

Involvement of Skin The skin may be affected m several irays, 
either by malignant invasion or os a secondary I'csult of obstruction 
of lymph vessels m the corium 

(1) Direct invasion is particularly apt to occur if the pnmarv 

it~t 
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tumour IS situated superficially The o\ erlying skin is thinned and later 
ulcerates In the scirrhous varieties of tumour the ulcer may resemble 
a squamous cell carcinoma, with indurated, rolled edge and a raised 
sloughing base More hulkj tumours tend rather to project as soft, 
fungating, often hieraorrhagic masses 

(2) Multiple metastatic nodules may appear around the tumour, 
either in a liealthy area of skin or in parts modified by lymph vascular 
obstruction At firet, they tend to appear close to the primary tumour 
or, after operation, in or close to the scar , later, they may extend to 
co\er large areas of the tliorax and abdomen According to Handle>, 
the nodules result from the tnvoston of the skm from below, by cells 
derived from the growing edge of the annular zone of permeation along 
the deep fascia 

(8) Peau d'orange In this affection the skm becomes tense, 
thickened and ocdematoiis, not from true cancerous in\ asion but from 
obstruction of deep lymph channels bj the malignant growth The 
tiny pitted depressions that mark the site of hair follicles end sweat 
glands give the apperance of pigskin or orange peel 

(4) Cancer en Cuxrasse Caneeroue Poehydermta This is a curious 
condition of the skm occurring, somewhat rarely, in the late stages of 
the disease, and especially m relation to a carcinoma of a slow growing 
scirrhous type The first change is a retraction of the skin immediateh 
superficial to the growth, which becomes fixed and indurated The 
change progresses until it maj affect the greater part of the thoracic 
and abdominal surface The arm of the same side is almost invariably 
affected, the opposite one not infrequently The affected skm is at 
first thick and cedematous, pittmg on pressure Later, it becomes 
shrunken, tense, and as hard as leather, so that eventuallj the trunk is 
enclosed in a semi rigid cose which may be so tightly stretched as to 
interfere with respiration Scattered o^er the affected skm there are 
often secondary cancerous nodules which may be pale, pigmented or 
}3®morrhagic “ Cancer en cuirasse ” is beheied by some to arise from 
a widespread infiltration of tlie skin by a very scirrhous growth Others 
regard it ns secondary to the oedema of lymphatic obstruction 

Dissemination to Bones It has already been remarked that meta 
static deposits m bone occur most frequently m the \ertebral column, 
less often in the upper ends of the humerus and the femur and the 
skull, and only rarely in more distant situations Handley claimed 
that this distribution is clear confirmation of the method of spread by 
lymph vascular permeation Piney, however, believes that it can be 
explained on the basis that all these regions in the bones normally con 
tain red bone marrow, and that blood borne cancer cells grow most 
readily in this tissue The first sign of a metastasis m bone is found in 
the centre of the marrow, with no trace of in\ ading columns of cells 
between it and the periosteum Similarly a metastasis m the cranial 
bones always commences in the diploe 

Dissemination by the Blood Stream In addition to the secondary 
deposits m bone, it is generally beliei^ that a certam number of other 
metastatic growths, especially m the lungs and brain, arise from emboli 
disseminated by the blood stream Schmidt showed, manj jears ago 
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that such emboli can be demonstiated frequently in the pulmonary 
vessels at the time of death, and although, as he believed, many of 
these are vralled off by a prote<^ve sheath of blood clot, it seems likely 
that some few may engraft on the wall of the vessel and produce a 
secondary growth 

SARCOMA 

The acti\ ities of the breast are related principally to its epithelial 
elements, and it is therefore not surprising that connective tissue 
tumours are much rarer than carcinoma 

Sarcoma accounts for under 3% of all mammarj tumours It 
may arise de novo m the breast, and is then either of spindle cell or 
round cell type, or it may represent a malignant change in a pre 
existing hbro adenoma of the intracanahcular type (adeno sarcoma) 
In this latter lariety both ectodermal and mesodermal elements are 
present, and the spindle cells, large or small, may be arranged around 
ducts or spread diffusely The two types are distinguishable clinically 
only by the longer history of the latter \ariety Both form rapidly 
growing massive fleshy tumours, which infiltrate the breast, and lead 
to metastases m the lungs or other viscera 

RARE TUMOURS IN THE BREAST 
Teratoma is of rare occurrence m man, though common m dogs 
Islands of cartilage, calcified areas, and sometimes bone are found 
scattered tlirough a stroma of spindle cells The tumour is usually 
malignant and resembles sarcoma m its course Its chief interest lies 
m Its origin It probablj arises m the same w aj as similar tumours 
m the mwliastinum from displaced totipotential cells 

Squamous cell carcinoma ma\ arise from the skin, the areola or the 
terminal portions of the milk ducts Melanoma and malignant angioma 
have been described 


TRAUMATIC FAT NECROSIS 

This is an affection of adipose tissue which is especiully apt to occur 
in the neighbourhood of the breasts, particularly m obese women 
It ts in no sense an affection of the mammary gland, but as it is apt to 
be mistaken for carcinoma, it may comenientlj be considered here 
The disease w as first recognized in 1890 by Shattock, who described 
an example occurring in relation to a lipoma in the buttock, and the 
name, traumatic fat necrosis,” was assigned to it by Lanz in 1898 
In about 50% of cases the lesion follows some known injury, 
either a blow or, not infrequently, the trauma associated with 
subcutaneous administration of salme solution It is possible that in 
the remainder the causatiie factor is some minor but oft repeated 
trauma such as may result from the pressure of clothing or the drag of a 
hca\y, pendulous breas*^ A few weeks after the injury, or occasionally 
much later a lumps dcvciopj in the breast or in the subcutaneous tissue 
close to it The lumj> is circumscribed and is of ston\ hardness and 
adherent to the hreast and surroundmg tissues In about half the 
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cases the skin o\erIjmg it is tacked doim and sometimes there is a 
pigskm appearance like that m cancer OccasionalU the nipple is 
retracted 

Wien cut, the lump is seen to be composed of tough fibrous 
tissue, m the centre of irhich are pale chalk like areas and spaces 
containing liquefied fat It maj be distinguished from cancer hy the 
absence of the characteristic small yellow spots of epitlielial dibns, 
and bj the obvious lack of infiltration 

The essential pathological feature is a slow aseptic saponification of 
neutral fat In the centre, fat is liquefied, and around it the products 
of saponification excite a foreign body reaction Microscopically, 
globules of fat, fatty acid erjstals and sometimes calcium deposits are 
eMdent at the centre, and around tliem is a laige mass of fibre 
blastic tissue Many phagocytic cells are seen filled with fat globules 
and usually there are numerous giant cells of the foreign body 
type 

PAGET'S DISEASE OF THE NIPPLE 

This IS a rare disease of middle aged and elderlj women characterized 
b} an eczematous affection of the nipple, which coexists with or is 
followed bj a carcinoma m the breast The condition begins at the 

nipple, which assumes 
a bright red, florid, 
finely granular sur 
face, well defined at 
its margins, and 
covered bj dr> scales 
or exuding a clear or 
sanguineous discharge 
The lesion is slowly 
progressive, over a 
period of months or 
5 ears eventuallj erod 
mg the nipple and 
covermg the areola 
and the surroundmg 
skin over an area 
wlwcVv rway attain a 
diameter of 4 or 
S cm 

■Microscopically , 
there are sev oral 
characteristic clianges 
both m the epidermis 
and in the true 
skm 

(1) The epidermis, ulcerated superficially, at the same time under 
goes proliferative changes, wImcIi beonne evident on its deep aspect, 
where the inter papillary processes become increased in depth and in 
breadth {see Fig 176) 
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(2) The most characteristic feature is the occurrence of “ Paget’s 
cells,” i\hich he smglj or m small groups in the deeper parts of the 
epidermis, especially in the pndJe-ccU laj er The celk arc at first large 
and rounded, with the appearance of cells of an undifferentiated 
glandular carcinoma, but they rapidly undergo retrogressive changes 
and assume a hjdropic, degenerated appearance {see Fig 177) 

(3) Comcidenth there are changes m the true skin Collections of 
lymphocytes and plasma cells appear m the papillie of the cormm, the 
capillaries m'lv be dilated, nnd there is often a fibroblastic reaction 
These changes ate believed by some to precede the epidermal lesions 
and to be important features of the whole process Others regard them 
as the results of on almost inevitable mild infection of the free 
surface 

(4) Along with these lesions at the nipple there arc almost always 
proliferative changes m the underlying breast The ducts arc dilated 
or cy Stic, and v anous degrees of epithelial hy perplasia may be present 

^bology The nature of the disease has been the subject of much 
controversy, and still remams unsolved Particular interest attaches 
to its relationship to the underlying carcinoma A subjacent carcinoma 
almost invariably occurs, sometimes shortly after the npjicannce of 
the affection of the nipple, usually within two venrs, but occasion* 
ally as fong as ten or even twenty years Inter The tumour, which 
IS usually of the slow 
growing, scirrhous 
variety, mav arise in 
any part of the breast, 
and may be at some 
distance from the 
nipple 

According to Hand 
ley, the nipple lesion 
IS due to cedema of 
the epidermis resulting 
from obstruction of 
the fympfraffcs by ffre 
deep seated carcinoma 

The theory more 
widely accepted is that 
propounded by Muir 
Hmr emphasizes that 
m every breast affected 
b\ Paget’s disease exa 
mined by him there has 
been present a wide 
spread hyperplasia of 
the epithelium lining 
the ducts — the con 
dition he describes as ” intmduct cancer ” fp 380) This hyperplasia 
IS the primary factor which leads to the development both of the 
nipple lesion and also of the underlying scirrhous carcinoma 



bjc 1“7 durase of the nipple X 175 

The section show-s two interpaplllary prcKTsse$ of 
the epidermis eontainmi; numerous I'apet cells 
Note the lymphocytic inflllration in the cortum 
{tabenterf vj R090I CoOff* e/ F%yneian$ e/ Sdniburfi.} 
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According to this theory, hiTierplastic epithelial cells deni ed from 
the milk ducts close to the nipple m\ade the epidermis and lead to the 
ulcerative lesion in that area These in\ading cells form the “Paget 
cells,” and their peculiar hjdropic appearance is due to degenerate e 
change mduced bj the reaction of the epidermis 

Similarlj , hyperplastic epithelial cells m one of the ducts deep in the 
breast maj abo assume mvasive characters, penetrate the duct wall 
and give nst to the formation of a scirrhous carcinoma 
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DISEASES OF THE MOUTH, JAWS, SALIVARY 
GLANDS AND NECK 

DISEASES OF THE UPS 
Ciaanoma 

Carcinoma of the lip is a common condition which arises most often 
betneen the ages of fifty and seienly years In oier 90% of cases the 
male sex is affected, and in a similar proportion the gro\rth is situated 
on the lower lip, especially at a point between the midlme and the 
angle of the mouth 

Carcinoma of the lip is commonest in coiintrjmen, especially those 
exposed continuously to sunlight It is generally belies ed that the 
common predisposing factor is chronic irritation and hs"perplasia 
consequent on the use of a hot tobacco pipe, especially of the short 
clay variety This habit explains the common situation and incidence 
of the groMth In this connexion it is interesting to observe that m 
Momen the disease is almost confined to pipe smokers \\TiiUt the 
{etiological significance of pipe smoking is generally assumed, it is not 
accepted by all authorities, and Broders, in particular, has maintained 
that the relationship is more apparent than real Lane Claypon 
moreos er, has slims n that statistically there is no support for the belief 
that smoking as such, has any definite relationship to cancer of the 
lip, though it is conceded that the heat of a pipe stem or the excoriation 
induced by cigarette paper may be predisposing factors In some cases 
a sxphilitic lesion, a wart or fissure or patch of leucoplakia, seems to 
be a predisposing factor 

Occasionally a growtli on the lower lip is accompanied by one in a 
corresponding position on the upper lip, an occurrence usually attributed 
to implantation of free malignant cells on the opposed surface 

Naked-eye Appearance, The carcinoma may at its onset take 
one of several forms, generally it appears as a small warty growth 
on the surface of the lip, accompamed by a button like induration of the 
subjacent tissue Less often it appears os a fissure which fails to heal 
and becomes indurated Tet again it ma\ be ulcerated from the start 
and form a small erosion which crusts over but persists and enlarges 

Later m its course the growth may assume either of two forms, 
thepapillary and the ulceratwc (1) rAepapiffari/ybrmhastlieappear- 
ance of a wart like thickening, delated abme the surface. It 
extends slowly with little surrounding infiltration, and it is slow 
to inxade the deeper structures Eventually it ulcerates and then 
follows the usual course of the second form (2) The ulceralmg Jorm 
IS more common It has the appearance of a tyTiical malignant ulcer, 
with a raised, irregular, rolled margin and a red, indurated base 
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deeper tissues until it has extended superficially beyond the lupus area 
and has thus reached permeable Ivmph vessels It then takes the 
usual course of skin carcmoma and metastasizes to regional lymph 
glands 

Basal-cell carcmoma is another lesion of the face that is liable to 
mabgnancy, though rarelj Sometimes the stimulus of inadequate 
irradiation by X rays or radium has appeared to determme this 
change In other cases long-contmned irritation bv carcmogemc paraffin 
products forms the predisposmg factor, and m shale oil workers and 
mule spinners the face is a not uncommon site for sfcm carcmoma 
(see p 71) Rarely s carcmoma has followed the irritation of tar 
products, and a case has been reported m which carcmoma has occurred 
withm a few months at a pomt burnt by a single spurt of hot tar 

DISEASES OF THE TONGUE 
Leukoplakia (Chrome Superficia] Glossitis) 

This is a chronic affection of the tongue characterized bj patchy 
clumping of the epithelium with at^oph^ of the papiU® and chrome 
mfiammaton changes in the subjacent denms It is of importance as 
an mtractable form uf 
bi'perplasta which shows 
a defimte tendenc> to> 
wards cancerous change 
The patches of 
leukoplakia vary m size, 
and, m extreme cases, 
may cover the greater 
part of the tongue 
They usually begm near 
the lateral edge of the 
tongue m its anterior 
two-tbirds, and spread 
thence on to the dorsum, 
or sometunes to the floor 
of the mouth. Rarely 
they occur on the Imgual 
aspect of the cheek, and 
on the lips or gums 

In the affected area 
the mucous membrane is 
somewhat indurated, 
slighth raised above the 
general surface, and of a 
grevish white colour, as though costed with paint The lingual papill* 
are flattened and atrophied, and mai participate m the patchy 
whiteness In adianced cases, a different appearance is sometunes 
seen Thesuperficialla\erofthe€pidCTnusdisappears,and thepatdiy 
whiteness gives place to a diffuse red appearance sometimes compared 



Fic 181 LeutopUkia of Uie tongue Tbei« is 
very considerable proliferatioa ol tbe middle 
layer of tbe epidermis, with Leratmuaboo on 
the snilace. 'Tbe basal layer of ceOs Is little 
affected. 
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to raw beef the leukoplakia is e\tensi-\ e and of old standing the 

tongue becomes fissured 

Microscopically, there ore pathological changes in both the dermis 
and the epidermis The dermis is the seat of a chronic mflaramatorv 
reaction, is unduly \ascular and oedematous, and is infiltrated with 
small round cells of lymphocyte type 

The epidermis presents histological changes affecting anj or all 
of its %'arious la\ers The most striking deviation from normal is 
seen in the cells of the middle lasers of the epidermis, which are 
swollen, vacuolated, and in some parts loaded with eleidin granules 
la some cases there are collections of laige hjdropic cells, which some- 
what resemble the 
characteristic cells of 
Paget’s disease of the 

nipple (seep 890} Asa < 

result of these changes 
m the middle laj ers the 
epidermis mcreases m 
thickness, and the in- 
terpapillary processes 
bewme broader and 
project more deeply 
towards the conum \ *1.1^ 

The superficial lav er 
of the epidermis is 
generally increased in 
depth, keratmization is 
a promment feature, 
and the superficial cells 

are extensively comi , ^ 

fled It IS this feature — 

that IS responsible for f,o jg* LeuVopUkia of the tonrae The basal 
thepatchv whiteness of layer of the epidermis is markcdlj hypcrplasuc 
Ipiiknnlftkta Tn other The moiesupeificiallaj-eraererclativelyunafrected 

leUKopiasia in oiner extensive lymphocytic infiltraUon of the 

cases, especially in the dermis, 

late stages of the 

disease, the superficial lav ers are reduced in depth or even absent. 

The basal layer of the epidermis also shares m the proliferative 
changes of leukoplakia The basal cells are hyperplastic, their nuclei 
are hvperchromatic and show some vanabihtj of size, and their cy*to- 
plasm IS less granular and often somewhat swollen In some cases, 
the basal cells present a degree of hyperplasia approximating to 
malignancy , and indeed the distinction ^tween extensive leukoplakia 
and early malignancy is by no means easy 

In the late stages of leukoplakia, when the tongue presents the raw 
beef appearance, the microscopic features are different The epidermis 
IS now considerably thinned, and represented only by’ the basal cells, 
the superficial layers having been eroded The basal cells are still 
more irregular m shape and si», and in their staming reactions they 
may show all the features of malignancy. 
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/Etiology of Leukoplakia. Leukoplakia is rare before the age of 
thirty years, and is most common between the ages of fortv and fifty 
j ears It affects males far more often than females 

The Wassermann reaction is positive in more than 50% of cases, and 
it IS generally believed that syphilis is an important predisposing 
cause 

Leukoplakia occurs most commonly m pipe smokers It is not 
certain whether the heat of the tobacco smoke or the action of irritant 
combustion products is responsible 

In some cases irregular teeth or badly fitting dentures may be 
incriminated Recent observations suggest that the presence of 
multiple dental fillings composed of dissimilar metals may play a part 
in the ffitiology, by settmg up minute electrical currents when touched 
by the tongue In this connexion it is interesting to note that Fitz- 
wilhams has recorded a ease of an electncian, who de\ eloped two 
small patches of leukoplakia, possibly due to repeated electrical 
stimulation when testing batteries by contact with the tongue 

Finally, it has been suggested that defieieney of \itamin A, tvhich 
IS known to unpavr the nutrition of epithelial tissues, tnav be a 
significant factor 

In regard to the pathological changes m leukoplakia, there 
arc two mam views The commonly accepted view is that the 
primary change is proliferation affecting the basal cells of the 
epidermis, that the modifications m character of the superficial 
cells are secondary to this, and that the changes in the conum are of 
a reactive nature or due to superadded inflammatory processes 

The opposing view, which has been supported recently by Mekie, 
IS that the initial lesion is a chronic inflammation, possibly toxic m 
origin, which primanly involves the subcpithehal tissues, and later, 
as a result of cedema and vascular changes, affects the nutrition of the 
epidermis and leads to proliferatiie changes m that membrane 

Syphilis of the Tongue 

Ihe tongue may be affected by syTihilis, either inherited or acquired 
It is one of the commonest sites of extra genital chancre, it regularlv 
participates in the secondary manifestations, and it is often involved in 
lesions of the tertiary stage 

The primary lesion, or chancre, results from a direct infection, 
and consequently is commonest close to the tip of the tongue The 
cliancre forms a hard indolent nodule which ulcerates at an early stage 
and follows a course similar to that mother situations It is accompanied 
by considerable enlargement and tenderness of the regional lymph 
glands m tlie submandibular and submental regions 

Secondary syphilitic lesions of the tongue usually take the form of 
mucous patches Tliey are most evident on the back and sides of 
the tongue, and are usually accompanied by similar lesions on the 
fauces, tonsils and palate 

Tertiary syphilitic lesions of the tongue arc of especial interest 
from their relation to carcinoma Tlirec distinct forms may be 
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recognized (1) cJironic superficial glossitis (leukoplakia), (2) chronic 
P'lrenchjTnatous glossitis, (3) gumma of the tongue 

(1) Chronic superficial glossitis in syphilis is characterized by 
changes in the superficial parts of the dermis and in the epidermis An 
infiltration of round cells is succeeded by fibrosis in the dermis, and at 
the same time the epidermis presents the changes characteristic of 
leukoplakia 

(2) Chronic parenchymatous glossitis may be regarded as a diffuse 
gummatous infiltration of tbe tongue, and it is a common occurrence in 
tertiarj syphilis A similar but non syphilitic glossitis may occur in a 
mercury stomatitis, and occasionally from other causes 

The essential pathological feature is an infiltration of the connective 
tissues and muscles by small round cells of lymphocyte type, which is 
followed by connective tissue proliferation and, later, by fibrosis In 
tlie early stages tlie tongue is swollen, and may be ulcerated Later it 
becomes shrunken and distorted, lobulated like a cirrhotic liver, fissured 
and indurated 

(3) Gumma of tbe tongue occurs usually ns a late tertiary pheno 
menon It may be single or multiple Multiple gummata are usually of 
small sue and situated near the surface of the tongue, whereas a solitary 
gumma tends to attain greater dunensions and to arise more deeply 

A solitary gumma almost always lies m or close to the midline At 
first it IS deeply placed and forms a globular swelling of hard consistency 
It increases m sue somewhat rapidly, and later breaks down on the 
dorsal surface of the tongue, forming a chronic ulcer, deeply excavated, 
with hyper'cmic, undermined or sharply cut margins and a yellow 
sloughing centre or base A gumma is usuall> painless, and causes 
little interference vMth comfort or function The ulcer is surrounded 
b) little or no induration in the substance of the tongue, and its edge 
unlike that of a carcinoma, is not nisctl rolled or thickened 

Carcinoma of the Tongue and Mouth 

Carcinoma of the tongue is a new growth of common occurrence In 
England and Wales it is responsible for approximatel> a thousand 
cfeaths annuaffy It occurs most often between tfie ages of forty five 
and sixty years, but is common at later ages, and is not unknon n as 
early as the thirtieth year Stales arc affected in 00% of cases, an 
incidence once attributed to the greater frequency of sjphilis and 
smoking 

The predisposing factors m carcinoma of the tongue maj be said 
to include all agents which result m an irritative hyperplasia of the 
mucous membrane Sjphihs is said to coexist in from 50% to 80% 
of cases m which the dorsum of the tongue is involved It probably 
exercises a predisposing infiuence through the fissunng, scarring and 
leukoplakia to which it gives rise Non syphilitic forms of leukoplakia 
precede the carcinoma m an appreciable proportion of cases In other 
instances recurring trauma from sharp teeth or dentures, infection from 
pyorrheea and irritation from hot tolracco smoke may be incriminated 
It IS noteworthy tliat carcinoma of the tongue is rare m the eden- 
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tuIcRis, and that it occurs usually at the s«ie of the tongue where 
irre»Tilar teeth and the irritatioo of pipe smoking may be supposed 
to have the greatest effect. 
In certain parts of India 
the practice of chewing cal- 
careous matter fiaTOured wrth 
betel nut u» well known to pre- 
dispose to cancer, and in other 
ports of the world tobacco 
chewing is said to hare the 
same effect. This form of 
cancer is especially apt to occur 
inside the cheek at the point 
where the bolus is lodged. 

Site Affected. In most eases 
the carcinoma arises at or near 
the edge of the tongue in its 
anterior two-thirds, or at a 
eonesponding level in the fioor 
of the mouth. Carcinoma near 
the midlioe of the tongue is 
uncommon, and almost mvari- 
ably secondary to a ss-phUitie 
lesion. The bp of the tongue is rarely involved. Carcinoma in the 
posterior part of the tongue occ u r s commonly at the side dose to the 
glosso-paiatine arch. The 
postenor part of the tongue 
may be mvaded by car- 
cinoma of the epiglottis and 
pharynx. 

Naked-ej'c Appearance. 

The appearance of the 
growth is usually character- 
isbe, and such atypical forms 
as are described are rare. 

In its early stages tla growth 
may take the form of a 
hard submucous codale 
(nodular type), a large, red, 
projecting papHlomatous 
magg (papOlaiy type), or a 
deep fissnre with lodnrated 
matgms (figured type). In 
the majonty of cases, how- 
ever, whatever the manner 
of its origin, the growth rapidly breaks down and forms a malignant ulcer 
(ulcerative type). Such an oleer on the torgue has a highlv character- 
istic aj^icarance. The actual crater is not necessarily de^, and may 
be of sm a l l size. The floor of the ulcer is of irregular shape, and is 
surrounded by a broad marpa, which is raised, nodular and everted. 
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The base of the growth and the adjacent substance of the tongue are 
indurated and of stony hardness 

Rarely the tumour does not ulcerate, but spreads deeply and infil 
trates the root of the tongue, causing it to become indurated, puckered 
and shrunken (wooden tongue) 

Microscopic Appearance In the great majoritj of cases the growth 
IS a squamous cell carcmoma (epithelioma) Carcinoma of bnsnl cell 
type occurs less commonlj Adeno carcinoma lias been described, 
but IS extremely rare The ordinarj squamous cell cnrcmoma has 
the charactenstics common to tumours of this tjpe, and consists of 
clubbed or flask shaped processesofepidermis which grow down into the 
subjacent stroma and muscle The majority of the cells are of the 
character of prickle cells According to the degree of malignancy 
there are \ arj mg degrees of anaplasia, and in the more rapidly growing 
tumours mitotic figures are numerous Cell nests are sometimes present 
but are not invariable 

Effects The malignant ulcer is prone to bleed and liable to gross 
secondary infection, and such complications bring the patient to a state 
of anemia and cachexia The breath is foul and foetid Inflltration 
of the muscles leads to fixation of the tongue and to interference with 
articulation and deglutition The tongue is protruded with difficulty, 
and tends to de% late towards the affected side Salivation is increased, 
and since deglutition is pamfu! saliva dnbbles from the mouth 

Pam IS an early symptom, and may be so se\ ere ns to interfere with 
sleep At first the pain is limited to the affected region, but later it 
radiates through the tongue, and eventuaJlj, by reflex involvement of 
the chorda t> mpani and the auriculo temporal branch of tlic trigeminal, 
It IS referred to the ear and the side of the face and head 

Spread A carcinoma of the tongue spreads locally and invades 
regional lymph glands The floor of the mouth and the muscles at the 
base of the tongue are involved early, and if the tumour is situated far 
back it may spread to the tonsil, the palatme arches and the palate 
The lymph glands involved first ore usually those of the submandibular 
(submaxillarj ) group The submaxillary sahv arj gland frequentlj 
escapes The glands of the upper deep cerv ical group are generally 
involved later, but sometimes they may be the first to be obviously 
enlarged, especially from a growth in the posterior part of the tongue. 
From the tip of the tongue the submental glands are often mv olv ed at 
an early stage 

Spread to distant situations sudi ns the mediastinal lymph glands 
the liver and the lungs is uncommon, except in the later stages, and 
death is usually the result of such local complications as hemorrhage, 
infection and bronchopneumonia 

Rare Tumours of the Tongue 

Occasionally the tongue becomes the sent of sarcoma In the 
majority of cases it is a lymphosarcoma derived from the lyanphoid 
tissue on the posterior thud of the tongue The tongue may be m 
volvcd in lymphosarcoma derived from the tonsil Rarelv a spindle- 



402 


DISEASES OF THE MOUTH JAWS ETC 


cell and niL\ed cell sarcomi occurs Such tumours present no special 
characteristics Thej form soft rounded masses, -which grow rapidly 
and are prone to humorrhage and infection Metastnses maj occur in 
distant situations, but usually death is due to sepsis or hemorrhage 
from the vascular tumour 

Other rare tumours of the tongue include Ijinphangioma, caaernous 
angioma, papilloma, fibroma, lipoma, osteoma, rhabdomjoma, mixed 
tumours and ectopic thjToid enlargements (see p 420) 

Tumours of the Palate 

The commonest tumour of the palate is the sjtmmous cell carcinoma 
(epithelioma), and it may ongmate in this situation or spread thither 
from the ah eolus or cheek It forms an ulcerating tumour which has 
the general characteristics of such growths and spreads slowly, mvolving 
neighbourmg tissues and metastasi 2 ing to regional Ij mph glands 

A sarcoma affecting the palate usually ongmates in the maxilla in 
the region of the antrum 

Mixed cell tumours occur m joung subjects and are similar in 
structure to salu arj gland tumours In some cases stnped muscle fibres 
ha\e been present (rhabdomjoma) Such tumours vary greatly m 
malignancj , but usually they are of rapid growth 

Erdothelioma, adenoma and paptlloma are extremelj rare 

LymphO'Epithehoma of Nasopharynx 

This IS a tumour in which Ijuiphoid tissue is mtunateh associated 
w itli an immature squamous or epidermoid ^“peof malignant epithehum 
It arises in the nasopharyngeal mucosa and m tlie faucial, lingual and 
pharyngeal tonsils The epithelial element consists of squamous cells 
m solid stnnds with no pearl formation and no cormficatioii. Lympho 
cites occupj the supporting tissue and maj penetrate between Uie 
epithelial cells 

The tumour forms a soft fiuigating mass which grows rapidli, 
ulcerates and bleeds It metastasizes early to lymph glands m the 
neck and occasionally to distant sites such as the mediastinal glands 
bones and i iscera If untreated it generally proves fatal w ithin two 
y ears Radiotherajiy produces remarkable, though transitory , regres 
Sion 

The true nature of the tumour is obscure It is regarded by some 
authorities as a true mixed tumour, with a peculiar and intimate 
relation between the epithelial and lymphoid components It must be 
rcmembereil lioweier, that Iimphoid aggregations occur normally in 
close proximity to the epithelium in the tonsils and nasophary nx, as 
indeed also in other jnrts of the alimentary tract such as Uie appendix, 
and that Ii mphocy tic mriltration of the stroma is a regular feature of 
undoubted carcinoma m these regions In new of this assocmtion, 
some ohsen ers regard ly mpho epithehoma merely as a form of carcinoma 
m which tlie lymphoid tissue mamtams its original relation to the 
epithehum 
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CYSTIC SWELLINGS OF THE MOUTH 

Small retention cysts maj occur m the mucous glands of the lips 
and cheeks, and if they are situated near the teeth they may become 
abraded and ulcerated Cysts of a similar nature may also occur along 
the edges of the tongue and m the glands (of Blandin and Nuhn) 
situated beneath the tip of the tongue 

These cysts are of a bluish grej colour, small in size, a ery thin ivalled 
and well circumscribed Their contents are thm, clear and jelly like 
Ranula This is a conglomerate term applied to cystic swellmgs in 
the floor of tlie mouth The exact nature and origin of some of these 
cj'sts are not entirely established 

The c>st is usually unilateral, but it may be bilateral It generally 
appears in childhood, and grows slowly It is bluish grey m colour and 
situated at the side of the frenum The mucous membrane over the 
cyst is thin but movable The tongue is raised to a \‘iriable extent 
Rccordmg to the size of the mass, which may be se\ eral centimetres in 
diameter Sometimes the cyst extends behind the mylohyoid muscle 
and causes bulging in the neck behind the submaxillary gland The 
duct of the submaxillary salivary gland is separate from the cyst 
Occasionally a cy Stic tumour of the floor of the mouth has a commumca 
tion with a cyst in the neck, and pressure on the oral swellmg increases 
the size of that m the neck A large cyst of long standing may cause 
pressure atrophy or malde\ elopment of the lower jaw 

Histological examination of a ranula shows that m some it is 
lined With columnar or cuboidal epithelium in others with fibrous tissue 
alone, probably as a result of destruction of the epithelial lining In a 
few instances the epithelium is ciliated The cysts are filled with clear 
or jelly like fluid containing mucin, but no salivary ferment 

The origin of these cysts is uncertain They ha\e been regarded ns 
dilatations of the ducts of the submaxillary or sublingual sali\Br\ 
glands, as distension cysts of hypothetical bursas or as retention cysts of 
the mucus secreting glands of the sublingua] mucous membrane 

There is anatomical esidencc to suggest that some of the cysts arc 
of branchial origin and are due to prolongation forward of an un 
obliterated portion of the cer\ical sinus It has been chimed that 
sorre of the cy’sts communicate with a cyst m the neck, or ha\e a 
fibrous extension into the submaxillary region 

Dermoid Cysts of the Floor of (he Mouth A dermoid cyst of the 
floor of the mouth is of dci clopmental origin and is due to inclusion 
of ectoderm at the time of coalescence of the two hnh es of the m indiblc 
The cyst is therefore usually situated in the middle line , it lies behind 
the symaphysis menti and between it and the hyoid bone, to either of 
which it may be adherent Uben large, the cyst presents in the floor 
of the mouth and in the submental region As growth proceeds it 
ma\ dc%aate toxrards one side Wien large, it ma\ interfere with 
deglutition or eicn respiration, and tlie tongue may protnule 

The wmll of the cyst is composed of fibrous tissue, and is lined with 
squamous epithelium m winch sweat ginmis and Iiair follicles mas he 
present 
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ThjTOglossal Cysts m the Tongue The suprahj oid portion of the 
thjToglossal duct may undergo cystic dilatation, though much less 
commonly than the infrahyoid portion {$ee p 421) The cyst generally 
appears m childhood or adolescence, and slowly increases in size It is 
situated in the line of the thyroglossal duct, that is, in tlie midbne 
between the foramen cajcum and the mid part of the hy oid bone Wien 
the cyst arises in the upper part of the duct it projects upon the dorsal 
surface of the tongue in its posterior third, and in this situation it may 
interfere with deglutition and may even embarrass respiration WTien 
the cyst arises m the lower part of the duct abo% e the hyoid bone it 
tends to project at the floor of the mouth in front of the tongue, and in 
this situation simulates a dermoid cyst 

TUMOURS OF THE JAWS 

The jaws are subject to the same types of tumours ns other bones, 
and they arc also liable to be affected by tumours of the gums (epuhs) 
and by tumours arising in connexion with the teeth (odontoma) 
There are considerable variations m the incidence of the vanous types 
in the maxilla and mandible respectively 

Tumours of the Maxilla Carcinoma is regarded as the commonest 
tumour affecting the maxilla The growth ma\ start m the mucous 
membrane of the nostril or of the hard palate and uix nde the bone 
secondariU or it may arise pnmarih within the maxillary antrum 
Carcinoma of the antrum is of xariable character Sometimes the cells 
are columnar and roughly adenomatous m formation but the cells are 
undifferentiated and the appearance closeh resembles that of a sarcoma 

Carcinoma of the maxiUa is locally very malignant It inxades 
the bone m all directions and may m\olve the palate, the contents of 
the orbit and the naso pharymx It rarely disseminates to glands or 
distant viscera until a late stage 

Giant cell tumour of the maxiUa is not uncommon It grows 
slowly, expanding ’ the bone, and is generally of benign character 
In its pathological features it resembles giant cell tumours of other 
bones {see p 160) 

Sarcoma of the maxilla is now belie\ed to be considerably less 
common than carcinoma It may arise near the posterior aspect of 
the maxilla close to the spbeno maxillary fossa, from the anterior 
aspect under the cheek, or from the region of the antrum According 
to its position the growth may mvsde the orbit and displace the eyeball, 
or it may project under the cheek or ulcerate into the nasal cavity 
Simple tumours of the maxilla are rare, apart from epulides and 
odontomes, which will be desenbed separately below Fibroma, 
chondroma and osteoma may occur 

Tumours of the Mandible Apart from odontomes, the commonest 
tumour of the mandible is a carcinoma invadmg the bone from the 
gum or the floor of the mouth 

Giant cell tumour is not uncommon It occurs most often in 
young adults, and generally affects the body of the mandible The 
tumour grows slowly , and may attam considerable size It “ expands ’* 
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the bone, so that the soft vascular tumour retains a thin osseous shell, 
and may give a characteristic cradclmg sensation on palpation 

Sarcoma is a rare tumour m the mandible It is generally of 
spindle cell type, and 

rapid grou th ^ 

Epulis 

Epulis IS a clinical term 
appJi^ to outgrowths from 
the aUeolar processes of 
the jaws There are two 
pathological types — the 
fibrous and the giant>cell 
epulis 

The fibrous type is the 
more common It arises 
from the edge of the gum 
at the neck of one of the , 
mcisor or premolar teeth 
The tumour is firm, has a 
smooth surface, is covered 
by normal mucous membrane, and is often pedunculated It grons 
slowly but may eventually be 8 or 4 cm m its long axis , it may grow 
between the teeth and loosen them 

A fibrous epulis grows from the periosteum or from the periodontal 
membrane, and chronic inflammatory conditions of the gums ore said 
to favour its de% clopmcnt It i$ a fibroma, and is composed of loosely 
arranged spindle cells which surround numerous blood lesscls or thin 
walled \ascular channels Myxomatous degeneration is not uncommon 
Hound cells and giant cells of the foreign body type are usually present 
m the tumour Certam of the growths are >ery \ascuhr, and lia\e an 
angiomatous appearance They arc soft and spongy, bluish red in 
colour, and grow more rapidly than the common fibrous type 

The giant'Cell type grows more rapidly than the fibrous epuhs It 
is usuafiy sessue, ana’ forms a smoofii, soft fobui'ateu' mass, co\ered‘ 6y 
dark re<l or purple mucous membrane It usually begins m the interior 
of tlie aI\eo!us and os it increases in size tends to project beneath 
the gums it frequently causes loosening of one or more of the teeth In 
the mandible it may extend into tlic body of the bone jiroducmg a 
cyst like structure surrounded by a shell of bone Mitroscopicallv, it 
IS composed of giant cells of foreign body t\pe m a lasciilar stroma of 
fibrous tissue 

A giant cell epuhs is a benign tumour, butw ide excision is required to 
prexent its recurrence 


TUMOURS AND CYSTS OF DENTAL ORIGIN— ODONTO'IA 
An odontome is a tumour densed from the tissues' — ectodermal 
and mesenchymal — concerned m the deselopmcnt of the teeth, and 
its patliological characters depend on Uie stage of deselopment of 
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the embn omc dentil elements trhen abnormal growth begins W ith fe^' 
exceptions the tumours ore benign, but the> may simuhte malignant 
tumours 

Some of tlie tumours includetl under the heading of odontoma arc 
not true neoplasms but are mereh inflammatorj oxergrowtiis of the 
tissues around an unerupted tooth 

For desenptne purposes tumours associated with the teeth maj be 
classed as follows — 

A Epithelial Odontome (a) Dental cyst, (b) Multilocular cjstic 
tumour, and (c) Dentigerous or foUiculat odontome 
B Composite Odontome 

C Connective Tissue Odontome (a) Fibrous, (i) Cementomatous 
Development of the Teeth Knowledge of the processes involved m 
the development of the teeth is necessarj for a correct appreciation of 
the mode of origin of dental tumours 

In embrjos the first change which foreshadows the development 
of teeth IS a ridge of epithelium along the Ime of the gum , this epiUiehal 
tliickening is knoivn as the common dental rudiment, and multiplication 
of its deeper cells at intervals causes a series of epithelial projections 
m the mesodermal tissues The tip of eacli projection becomes cup 
shaped from the protrusion mto it of a process of mesodermal tissue 
The epithelial cup and the mesodermal projection constitute a denial 
popiWo wluclv becomes separated from Uve dental ridge Xotmallv 
ten dental papilla develop m each jaw to form the ‘ milk teeth ' 
later however other papili'c develop to form the second molars of the 
first dentition and tliree other papillx appear which represent the 
future permanent molars The other permanent teeth are developed 
from a second series of papillae 

The cells at the summit of tlie mesenchymal papilla assume a 
columnar form and are known as odontoblasts , they give rise to dentine 
The epithelial cap which covers tbe mesencliymal papilla becomes the 
enoTTirl organ which becomes differentiated mto three lasers of cells— 
flattened stellate and columnar — from without inwards 

Each developmg tooth is surrounded by a vascular fibrous tissue 
membrane, the dental gac, and the mesenchymal papilla, enamel organ, 
and the dental sac form together the so called tooth follicle 

The cement which covers the dentine of tbe roots of the teeth is 
formed from the mesenehyinaJ tissues m tfie same way as membranous 
bone 

Tumours of dental origin may arise in the following ways (1) From 
prohferation of groups of cells, derived from the common dental 
rudiment or from the enamel organ, that may be scattered about the 
teeth in infancy or even in adult life Such groups of cells were 
ongmallj demonstrated by Malassez, and are known as “ debris 
epithehaux paradcntaires *’ (2) From disorderly proliferation of the 
cells ofa dental follicle (S) Fromexcessiveproductionof dental follicles 

Epithelial Odontome 

(a) Dental C>st (Radiculo dental cyst) This type of c>st occurs in 
adult life and usuall> develc^s in connexion with a pulpless tooth, 
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especialh an mcisor or the canines of the upper jaw It arises 
from paradental epithelial rests, 

•whicli are probably stimulated to 
proliferate by infection The cyst 
IS unilocular, is attached to the 
fang of a tooth, and is usually 
small, although it occasionally 
grows to enormous size and often 
extends into the maxillary air 
sinus and causes bulging of the 
cheek A portion or the whole 
of the affected tooth may lie 1-ic 18C Large dennlcjst 

within the cavity of the cyst, but {Ut,$eitmafIti>)iatContget<fSunfOHiofEiniurji) 
the tooth and the cy st are some 

times quite separate Occasionally there are multiple cy sts, and they 
may fuse [see Fig 180) 

A dental cyst is lined w ith squamous epithelium and therefore it may 
be mistaken for a dermoid , \ery rarely the epithelium is columnar, 
indicating more emphatically its dental origin If infected the 
epithelial lining may be partly 
destroy ed and then the w alls arc 
fibrous The contents of the 
cyst are serous or mucojcl and 
may contain cholesterol 
cry stals 

(b) Multilocular Cystic 
Tumour (Adamantinoma or 
enamel cell tumour) This 
tumour occurs most often m 
early adult life, but it has been 
found in childhood and m old 
age The mandible is affected 
much more frequently than the 
maxilla (11 1), and the region 

of the angle is the usual starting 
jpomt It IS usually simple and 
grows very slowU, and in the 
absence of complication such ns 
infection, IS quite painless Vcr\ 
occasionally the tumour lias 
gnen rise to metastases m 
other Ixincs In exceptional 
cases tumours of tins type bnac des eloped primariK m the other 
bones 

The tumour may be solid or cystic , it has a fobulatcd surface and 
thm walls It causes enlargement of the ah eolar border of the jaw, 
usualK mote on the outer than on the lingual aspcit Irom tlimniii" 
of the lione, “ egg shell crncklmg nia\ be detcctcil and neigliliouriiig 
teeth ina\ be displaced Large tumours m the ujiptr jaw usually 
encroach ujion the maxillnrs nir simis and may e\en extend to the 



1 10 18 “ rpitliclial odantome The 

cells of basal type lining the cysts cone 
spond to enamcloblasts They swell 
hccomc loosened towards the centre, and 
ultimately liquefj, thus giving rise to 
cyst formation 
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orbit or to the naso pharjux Ulco-ation and infection within the 
tumour maj modifj its appearance 

An enamel cell tumour has an external bony wall enclosing a solid, 
or more often a cjstic, growth The cysts are multiple and are filled 
with yellow or reddish mucoid fluid ; the walls of the cysts may be 
smooth or bned with papdlary projections. The remainder of the 
tumour IS composed of fibrous or of bony trabeculie in varying pro- 
portions The solid parts maj resemble carcmoma, and m some 
specimens the connective tissue undergoes such overgrowth that it 
maj mimic a sarcoma Gritty particles of imperfectlj formed enamel 
ma} be present 

Microscopically, the epithelial elements in these tumours are very 
variable in form, and the 
appearances may differ in 
various parts of one tumour. 
Three types are described which, 
however, have not a sharp divid- 
ing line; ( 1 ) the squamous-cell 
type, which shows cords of 
squamous cells with mtercelluhr 
fibrils and cell nests, and, m 
addition, isolated foci of colum- 
nar cnameloblasts , (2) the 
plexiform t>*pe, composed of 
convoluted columns of epithe- 
lium surrounded b> a dense or 
cellular fibrous stroma, the 
epithelial cells show no tendenc) 
to flattening , (3) the glandular tjpe, composed of columnar enamelo 
blasts, which ma) be arranged m manj different wajs In all tjpes the 
stroma maj be dense — hjahne, mj'\omalous, or cellular 

This type of odontome is believed to arise from cells of the primitive 
enamel organ, but by some it is considered to originate from the 
paradental epithelial d/bns It is at least certain that it is of epithelial 
ongm 

(c) Denbgerous Cyst (Follicular odontome, odontocele) This type 
occurs in joung adults during or after the second dentition , it is more 
common in the lower than in the upper jaw. At the site of the cyst a 
tooth, usually a canine, an incisor, or a premolar, is missing The cjst 
grows slowly and causes a globular enlargement of the alveolus. 
Adjacent teeth may be loosened and displaced Inside the cj’st 
there is an unerupted tooth which usually protrudes from the base 
of the cavntj, but may he free The wall of the cyst is usually 
attaclicd at the neck of the tooth, and the root of the tooth is loosely 
buried in the jaw The cement, dentme, and the root of the tooth are 
generally very imperfectly developed Squamous epithelium usually 
Imes the cyst, but occasionally cubical epithelium is present. The 
fluid in the cyst is glairy and contains cliolesterm and broken down 
epithelial cells 

The ongm of a dentigerous cyst is uncertain It is generally 



Fio 188 Left half of mandible of an adult 
abowuiff a follicular odontome The un 
erupted tooth m a third molar 
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supposed that it arises from dilatation of the dental follicle, but as the 
tooth Tvithm the cjst lacks dental cuticle (Nasm}*th’s membrane), it 
has been suggested that it arises from degeneratn e changes m the 
enamel organ at an early stage of its de\elopment 


Composite Odontome 

This type of tumour probably arises from disordered growth of the 
whole tooth germ, which results in an irregular conglomeration of 
dental tissues with little or no resemblance to a tooth It occurs 
m subjects before the age of twenty five jears and is almost always 
situated in the mandible At the site of the tumour one or more 
teeth, especiall} the molars, are absent. 

The tumour is hard and irregular, and hes wilhm the jaw , it may 
erupt bke a normal tooth and this may predispose to infection and lead 
to extrusion of the tumour 

Another variety of composite odontome consists of a conglomeration 
of imperfectly de% eloped teeth (denticles) surrounded by a fibrous 
capsule lined by squamous epithelium The teeth show \ariable 
quantities of enamel, dentine, cement, and pulp The diMding Ime 
between this ty pe of cyst and a dentigerous c> st is not \ ery definite 

The mode of origin of a composite odontome is rather obscure 
Some belie\e that it is due to nusplacement of tooth follicles in 
early life, others that it is due to proliferation of paradental epithelium 
CMalassex) Ewing considered that the absence of one or more teeth 
in this type of tumour indicates that all the pnrmtiv e dental structures 
—epithelial and fibrous— are concerned in the production of the 
tumour, and tliat, when there are denticles there has been o\er 
production of dental follicles Ewing found it difficult to concene 
these tumours as arising from paradental dehr7S because of the orderly 
organized growth 


Connective Tissue Odontome 

A fibrous odontome is exceedingly rare it is oiergronth of fibrous 
tissue around an unenipteil tooth Hickcts is belje\ed to predispose to 
its dc\elopment, as most examples hoxe been found m children who 
ha^ e suflereti from this disorder 

Calcification and ossification may occur in the walk of a fibrous 
odontome gmng nse to a cemenioma 


DISEASES OF THE SALIVARY GLANDS 
Pyogenic Infections 

Acute pyogenic inflammation of the sxlivnry ghnds is practicalh 
confined to the parotid and it usually terminates in suppuration— 
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tuppuralize parotitis The coadibon is most common in adults as a 
complication after operation but it ma\ occur in acute febrfle illnesses 
especiallN pneumoma and tvphoid It commonlj occurs in debilitated 
persons and often heralds the fata! issue The onset is usuallr sudden 
Tvith painful enlargement m one parotttl gland Not infrequcntlv both 
paro^ glands are affected simullaneoush or in succession 

iEtiolog) Drmess and undeanliness of the nioutli and the dim 
unshed secrebon of saliva anth artuch these are associated are the most 
important predisposmg factors ThedrvnessofthemouthisusuaUa due 
to deh\ dration or to lad. of the norma! stimuli to salivation Thus the 
disease verv often compbeales operations on the abdomen m which fluid 
bv the mouth has been greatly restricted Infection reaches the gland b\ 
the salivarv ducts and the organisms usuallj present are staph\ looocci 
and pneumococci less often streptococci and diptheroids The absence 
of mucin from the saliva of the parotid gland is believed to favour 
mfecbom 

Morbid Anatom) The infecbon is multicentric and is charac- 
terized bv multiple pomts of necrosis scattered throughout the gland , 
later small foci of suppuration develop and eventuallv ma\ become 
confluent, forming an abscess which mav rupture extemsJJ) The 
earh necrosis comparable to that of a carbuncle ma% be attributed 
partli to the necrotosc action of the common causative organism 
staphvlococcus aureus and partl> to the fact that the mflAmmators 
products are confined under tension within the dense paroUd fasaa 
The orifice of the parotid duct is swollen and red and cIoud\ or purulent 
saliva mav be expressed from it. In some cases the disease is sen 
severe and is associated with ceUulitis of the neck, head and face For 
a long time the pus remams confined within the capsule , later it ma^ 
burst through the fascia and lupturc into the external auditon 
meatus or point below the angle of the jaw Lntreated, tlic pus maA 
burrow mto the retropharyngeal space or mvade the temporo-mandi 
biilar joint Both are rare occurrences 


Sali\'ary Calculus — Sialohthiasis 

Calcuh are most common m the duct of the submaxillan gland 
ffte\ are mtich less common xo (fie parotid duct probabfj because the 
secretion of the parotid gland is less viscid and poorer in salts 

The calculus which resembles dental tartar, is composed prmcipall\ 
of the phosphate and carbonate of lime with a s mall percentage of 
organic matter Probably the\ are formed as a result of infection, and 
are due to the depcsibon of inorganic calciiun salts upon nuclei consist 
mg of mucus degenerated epithelium and bacteria On rare occasions 
a foreign bod\ , such as a piece of straw, a fnut seed or mi celia of 
actinonijces ma\ form a nucleus for stone formation 

A salivarv calculus is usuallj single, brown or grej in colour, and 
slightli rough on the surface It mar be no larger tlian a pea, but often 
it IS fusiform and about the size of a date stone In the rare cases in 
which two or more calculi are present the^ ma\ become eburnutcd at 
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their points of contact and appear to be fragments of a fractured 
stone 

The chief effect of a sah\ arj calculus is to cause retention of sain arj 
secretion, and this is usually associated with periodic swelling and pain 
in the salivary gland, particularly at meal times, sometimes aggravated 
by mfection If obstruction becomes complete retention cjsts may 
develop As a result of continued exacerbations of inflammation the 
stone may lie in a bed of granulation tissue or of cicatricial tissue, and 
the indurated mass may be mistaken for a tumour of the floor of the 
mouth In rare cases, the calculus erupts tlirough the wall of the duct, 
and, in the case of the parotid, this may lead to an external fistula 
In the submaxillary gland, multiple calculi occasionally are present 
in the smaller ducts, and they maj lead to clironic enlargement or to 
suppuration withm the gland 

Chrome Enlargement of the Salivary Glands 
As a result of mfection from the mouth sometimes following a 
dental extraction, one of the salivary glands may become enlarged, 
swollen and tender Tlie parotid gland is usually affected, and, at first, 
the inflammation is mild and subsides Recurrence of inflammation is 
usual either at short or long intervals, until fmallj enlargement 
persists and otlier groups of glands become involved The affected 
gland IS the seat of clironic innammator> changes and its duct is 
dilated and the scat of exfoliation Sahvar> secretion is reduced its 
digestive properties impaired, and the mfecliv e character of the disease 
18 borne out by the finding of leucocytes, epithelial casts and organisms 
in the turbid saliva from the affected gland 

Lymphomatous Enlargement (Mikulicz Disease) This syndrome 
represents the final picture of a progressive disease, the earlier phases 
of which may not be identified so clearly It generally affects adult 
males, and leads to great disfigurement The secretion of saliva is 
reduced and dryness of the mouth (xerostomia) is complained of, and 
conjunctivitis and pharyngitis may co exist 

The lacrimal glands are enlarged first, and only later the saliv ar} 
glands The mucous glands in the tongue and cheek may also become 
enlarged The extent of the affection vanes m different cases, for it 
ma> be that tJic lacrimal glands alone arc involved or tlmtUie salivary 
glands arc affected m various degrees The atiologj of tlie glandular 
enlargement is unknown No bacteria have been demonstrated, and 
there IS no ev idence that it is due to infection from the mouth or tlie 
conjunctiv a 

Histological examination shows that there is a generalized 1 > mpho 
cjtic infiltration, and there maj be complete Ijnnph follicles with germ 
centres The glandular tissue is reduced in amount but shows no 
primary disease 

Sometimes the condition is accompanied b> cither local or genera! 
hyperplasia of Ijmphoid tissue, and sometimes there is a relative or 
actual increase of lymphocytes m the blood. In others*, there is true 
leukiemia with enlargement of tlie spleen, etc 
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U%*«>-parotitis This is as yet an mdetemunate entitv, m which 
there is an association of inQamznator^ lesions of the areal tract and of 
the parotid and sometimes other saliraiy glands 

The enlargement of the parotid gland appears abrnptlv and may be 
attended bv ferer , it is either preceded or followed bv indo-<7elitis 
In a large proportion of the cases imOateral or bQateral facial paralysis 
develops and persists for a variable time There ma\ be temporar% 
pamlrsis of other nerves In manv cases skm eruptions of a tuberculide 
tvpe are present 

The swellmgofthe affected salivan gland is firm nodular and painless 
It IS the seat of fibrous tissue proliferation and microscopical]! m 
most cases there is separation of the glandular amm as a result of 
infiltration by lymphocytes and giant-ceU aggregations resembling 
tubercles 

The aetiology of ureo parotitis is obscure There is good evidence 
to suggest it is liLe 3Iikuhcz disease a manifestation of sarcoidosis 

The disease occurs most often m women especialls m the second 
and third decades It pursues a chronic course lastmg for weeks or 
months Recovery is generally complete, but there mav be relapses 
There may be residnal ocular defects as a result of svnechia and 
keratitis 
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fibrous capsule. The cells show various forms — spheroidal, cuboidal, 
spindle, or even squamous, with a small, darkly staining, angular nucleus. 
When myxomatous tissue is 
present it lies in juxtaposition 
to the cellular components, 
from which it is probably 
derived. More detailed exam- 
ination shows that in many 
parts of the tumour the cells 
are arranged in irregular 
masses or branching columns ; 
but usually there are vague 
or definite duct or alveolar 
formations suggesting a repro- 
duction of the normal gland 
structure. Thus, taking into 
account the common varia- 
tions from the standard 
pattern, there are types which 
may be regarded as an ade- 
noma, types, more cellular and 
^^ith less differentiation, which 
might be classified as either 
adeno-carcinoma or sarcoma. 

Mitosis and irregular prolifera- 
tion (rather than the cellularity 
of the tumour) form the 
most reliable criterion of 
malignancy. 

The origin of salivary gland ronnation A Jirge atnount of mucoid 

tumours is an academic ^«e l.« between ll.e ma«es of ep.thchal 

problem. Their common PA»*inaii» ) 

epithelial ancestry is sug- 
gested bj the gradations m difrerenliation m Various examples ; 
in one there may be little but myxomatous tissue, in another well- 
formed tubule formations, and in many merely suggestions of genuine 
epithelial origin. 

A recurring controversy is that of the origin of myxomatous (or 
mucoid) tissue u ithin the tumours. It has the appearance of cartilage m 
stained secretions, but more specific stains suggest it is due to degenera- 
tion or IS a dcri> ati\ c of the cellular components (or possibly the stroma), 
rather than an accidental inclusion such as would suggest a branchio- 
genetic sequestration in the temtory of the salivary glands. Such mucoid 
tissue IS not uncommon in otlier tumours, r.g , sebaceous adenoma and 
tumours of tbe testis, and can be interpreted, as in these examples, 
as a cellular by-product rather than an independent tissue formation. 

Adenolymphoraa of the Salivary Glands 

This rare tumour occurs in late adult life, especially in the parotid 
gland in the proauricular region or at the angle of the mandible. It is a 




414 


DISEASES OF fUE MOUTH ETC 

simple readilj enucleable tumOur seldom reaching a size greater than a 
walnut It maj be solid but is more often cjstic and contains mucoid 
or turbid fluid Microscopiciilb consists of columnar epithelium 
supported bj a Ij-mphoid stroma with acti% e germ centres The solid 
portions of the tumour may composed of gland acini 

It IS believed that the tumt>mr is dern ed from cctopic sain arj gland 
epithehum nithm hmphoid ti^ue, although a branchial origm cannot 
be excluded 

BRANCUUH. CYSTS AND FISTUUE 

A branchial cjst is of de\elopmcntal origin and takes origin from 
remnants of the ceia leal smus— the ectoderm lined space, formed b) 
the second branchial arch as it overgrows the more caudal arches 

A branchial cj st forms a roimded tense sw ellmg below and behmd the 
angle of the jaw , it 
usually occurs m earlj 
adult life and is often 
mistaken for a tubcrcul 
ous gland {see Fig 190) 
The CJ St has fibrous walls 
and IS seldom larger 
than a golf bill , it lies 
deep to the cervioil 
fascia and is pirtlj 
coiered by the sterno 
mastoid muscle It is m 
contact mth the carotid 
sheath and a prolonga 
tion of the cyst maj 
bulge between the 
carotid icsseU Tlie 
hmng Tnembrane of a 
branchial c%st is 
squamous epithelium 
which generalK slious 
keratinization , a %ari 
able amount of h mphoid 
Tic 100 Dranchnl ct-sI tissue is usuallj present 

m and around the c\st 
nail The contents consist of glair\ nuicoKl fluid nhich generalh 
holds in suspension a large number of cholesterol cn stnls and 
desqunmateil epithelium dlsco^er^ of cholesterol cr\stals on 

aspiration is a \ aluible diagnostic sign 

The CJ st maj be the seat of recurrent attacks of inflammation, and 
in rare instances suppuration occurs A persistent smus mas result 
from incision of the cj st It i5 doubtful if a carcinomatous change es er 
occurs m the lining epithelium 

In rare instances a small deeplj sealed cjst is found at autopsj 
attached to the cNternal suificc of the phaiXTix This \ arietj of c\ st is 




BRANCHIAL CYSTS AND FISTULA 


415 


lined b} colummr epithelmm, which maj be ciliated It rarely gives 
rise to signs or s\ mptoms unless infected , it is belie\ ed to originate 
from the mucous membrane of one of the primitiv e phar\ ngcal clefts 

A branchial fistula or lateral fistula of ike neck is a blind track 
which extends upwards from the skin surface of the neck deeplj 
towards the pharynx The orifice of the smus is usually situated at the 
anterior border of the sterno mastoid muscle about 4 to 6 cm above 
the sterno clav icular joint The smus may remam permanently open 
and discharge a little serous fluid, or it may be closed for long periods 

The fistulous tract forms a cord like structure with a small, slightly 
tortuous, irregular lumen It is lined with several layers of columnar 
epithelium which is generally ciliated, but sometimes shows squamous 
metaplasia A large amount of lymphoid tissue is present in its walls 
\Micn traced upwards the fistula is found to sink gradually tlirough the 
superficial fascia and the plai^sma, and at the upper border of the 
tlijToid cartilage it pierces the deep fascia In its further course it hes 
superficial to the mternal carotid artery and the glosso pharjTigeal 
nerve, but deep to the lingua), occipital, and external carotid arteries 
It IS crossed by the hypoglos«al nerve and the stylomandibular ligament 
The fistulous tract ends m the region of the supratonsillar fossa It is 
believed that originally a membrane separated the fistula from the 
pharjTix In cases seen surgically , how ever, the fistula may communicate 
with the pharynx 

A branchial fistula is generally regarded as due to persistence of the 
cervical sinus, the ectoderm hn^ track corresponding to the second 
branchial cleft This v icvv fails to account for the character of the lining 
membrane of the fistula, which is usually of ciliated columnar character. 
An altemativ e theory , which seems more plausible, attributes the fistula 
to persistence of the thymio pharymgeal duct 

Branchiogenelic carcinoma has been described The tumour is a 
squamous cell carcinoma of homy type, very' hard and indurated, 
and sometimes partly cystic It arises deeply in the neck, m close 
relation to the carotid vessels, and infiltrates widely at an early stage 
The microscopic ajipearance of such tumours is very diverse and the 
cells may resemble those of a carcinoma or of a sarcoma , most often 
they arc “prickle cell ” type A feature which is generally held to 
signify the branchiogenetic origin of the tumour is the lay cr of lymplio 
cvtie tissue which cncapsules the tumour Xodules of cartilage may 
occur in the tumour 

^VTiile this is the description applied to branchiogenetic caremoma, 
it must be emphasized that the branchial origin of such tumours is 
difficult of proof In some cases, doubtless, tumours of this character 
are actually secondary growths, from a primary focus m the nose, 
pharynx, Eustachian tube, lary'nx, accessory air sinuses or thyroid 
gland 

TUMOURS OF THE CAROTID BODY (Paraganglioma Pcrilhelfoma) 

The carotid body is situaleil at or about the bifurcation It is 
developed from embryonic ganglion cells of the sympathetic nervous 
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s%stem NormallN, jt is composed of polvhedral cells collected into 
spherical clumps or nodules Some of the cells stain dark broim 
with chromic acid (chromophil), like those of the suprarenal medulla* 
but the\ do not contain adrenalin. The gland nor mall y contains a 
few nerve ganglia and non meduQated nerve fibres It is ver} vasenlar 
and IS supphed b\ a special arteriole and venule- 

Tumours of the carotid bodv are rare They appear most often 
about pubertv and give rise to a protnuling swelling in the neck. 

The tumour mav attain the size of a hen’s egg It mav be firm 
or soft, and is sometimes pulsatile, and in manv cases the surface is 
covered b\ numerous large, tortuous vessels 4 delimte capsule is 
usuall\ present, from which septa pass to the inside of the tumour 
The cut surface has a spongv, pink or greyish red appearance, and 
there is often evidence of hsmorrhage From their shape, lobulation 
and gre% ish surface such tumours have been called “ potato tumours ’ 

The growth applies 
itself closelv to the 
carotid vessds, which 
often become incor 
porated in the tumour 
or mav even be com 
pressed bv it, Owmg 
to its fixation to the 
vessels the tumour is 
movable laterally but 
not vertieallr 

Micn»copiealI\ , the 
tumour shows ven 
variable features and 
it has therefore been 
found difficult todevise 
a satisfactory patho- 
logical designation for 
it The common ap- 
pearance, in the more 
differentiated piarts of 
the tumour, is that of 
masses of polyhedral 
granular cells arrai^ed in wbtwU around blood vessels, and nerve twigs 
are often incorporated withm the cell bundles Chromaffin mas be 
evident m the cells The blood vessels, m the form of smusoids, mav be 
Ten numerous and give the tumour a lucmangiDmatous appearance 
There is evidence, on bistolc^ical grounds, that the tumour is akm to 
the glomus tumour of the skin and the neuroblastomas of the siTnpa 
thetie nervous si'stem 

The majoritv of carotid bod\ tumours are innocent and grow \ers 
slowli But in a few instances, after persisting for manv i ears thev 
ma\ suddenh show rapid growth with features of malignancv, evidenced 
bi local infiltration. Metastases ma\ arise m the Innph glands but 
distant metastases do not occur 



Fig 101 Carotid bodv tufoour Tbe celts are 
lai^ and clear and are in solid dvcolu 

** CiOfttf Pijnntiu EjuAoyL) 
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Projii the surgjca] point of view it is found thit the tumour may be 
shelled out in a few cases But in others, on accoimt of adhesion to 
the carotid artery, jugular vein, and large ner\es, it may be necessary 
to sacrifice parts of these structures It is for this reason that the 
operative treatment of carotid body tumours is often a serious under- 
taking. The mortaht} rate is about 30%, and this is accounted for by 
cerebral cedema, following on ligature of the carotid \ essels. 
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CHAPTER SX 

DISEASES OF THE THYROID GUKSD 
AhATO'IY A^'D PHYSIOLOGY 

The normal tbrioid gland is pale pink in co'otir, of so^ consistencv, 
and smooth or slightlv iineren on Uie surface , it is enclosed in the 
pretracheal laver of the cemcal fascia The cut surface is grevtsh red 
and ghstens lightli from the colloid it contains 

The gland is dinded into lobules b\ conneetire-tissue stroma derived 
from intnisains of its areolar capsule Each lobule contains a number 
of acini or cubical follicles The acini varv in diameter and are spherical 
or polvhcdral and Imed with s single la\er of epithelium. Tlie cell* 
have no basement memb’ane and rest directlv on a stratum of areolar 
tissue m which he nume’uus blood and Ivmph channel* , tlie finer 
vesseE are sinusoidal and be in contact with the ve^Tcular cpiUiebum 
Adjacent to <ome of the aeim there are groups of sphraoidal celU whose 
function i* p-obablv to rrpUce effete vesicles Limphoen-tes are present 
m the mterstiees of the gland and aggreg a taon* of them mav be a 
pronunent featme. 

The acini are fiDed with an todme-containtng viscoi-s fluid — foflciJ— 
which stams br^t pmk with eo'in. TheeoDoid containing droplets of 
the specific honnone is the product of the th\-TO}d cells, and the amount 
m thevesicles Vanes mrosdv with theactmh of thegland GenoaDv 
it mav be assumed that an esicessrve accumulation denotes mactivitvon 
the part of the gland (f'crag' pSow) and dmunjtion signifies 3clrvil\ of 
the gland {tfarfory phat) 

The appearance of the vesides vanes with the state of act ivitv of the 
thvTOKL The resting vesicle is distended with ceUoid , the cells are 
cubical , the protoplasm of th^ cells and of the centrallv placed nucleus 
stains rather famth and shows few granules- The active vesicle is 
irregular m shape and is collapsed , coDoid is absent or present onlv lu 
small amount and is more fluid , the cell* are larger and tend to be 
columnar, their nuclei are larger and placed penpherallv, ard the 
granules stain more deeplr 

The thvioid gland has the special propertv of abstracting icdine 
&om the blood. Nonaallv tb* lodire content amounts to 0-01 to 
1 la% of the dncd waght of the gland — amounts in striking contrast 
to 0-001®,,* fhe mammum for am other tissue The aviditv of th“ 
gland for lodme is illastrated b\ the expenmeats of JIarme and RogofT, 
who showed that m dogs intravenous injection of 50 trigm of potassium 
iodide uKseased the lodme content bv several hundred per cent, m 
five minutes The xidine content of the blood varies m different 
localities and in diseases of the thvroid gland the average lei el i* 
6to8gainmaperceit.,batmsabjectsofbvperthvroidismitTnas exceed 
50 gamma per cent. Iodine m the blood occurs in an orranic and an 
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inorganic fraction and the relati\ e amounts of each ^ arj , and estimation 
of their relatne proportions maj be of \alue in the studj of tlijToid 
function and disease 

Iodine is utilized by the thyroid gland in the elaboration of its 
specific hormone — thyroxin Thj roxin was first isolated from the gland 
by Kendall in 1915 and was prepared synthetically by Harrington in 
1927 The biological effects of thjTo\m are obvnous in human beings 
after the admmistration of thyroid extract It gi\ es rise to tachj cardia, 
flushing of the skin and an increased metabolic rate, but the most 
conspicuous signs of pathological thjTotoxicosis mz , exophthalmos, 
tremor and dilatation of the pupil do not occur But, recentlj it has 
been sho^ n that if th 3 Toid ex^act is given w ith drugs such as ephedrine, 
which stimulates the sjmpathetic neiaous sjstem, exophthalmos 
dea elops 

There is a close relationship between the thyroid and the anterior 
lobe of the pituitary gland Removal of the anterior lobe of the pitui- 
tary IS followed by partial atrophy of the thyroid, and, conversely, pro 
longed administration of pituitary extracts leads to hyperplasia of the 
th 5 Troid Thyroidectomy is followed by hypertrophy of the anterior 
lobe of the pituitary 

It IS now known that the anterior lobe of the pituitary contains a 
specific thj’TOid stimulating hormone, which, even tn vttro, affects its 
cells Confirmation of the stimulatory action of the pituitary is 
evidenced by animal experiment {eg, m ducks) m which continued 
injections of extracts produce massive hypertroph> of the thyroid 
accompanied by exophthalmos 

CLASSIFICATION OF DISEASES OF THE THYROID GLAND 

The conceptions of the pathologj Iia\ e been grcatl> simplified since 
the importance of iodine dcftcicncj as a causatne factor in simple 
goitre has been recognized and since the essential unitj of the toxic 
forms has been appreciated It is usuallv difficult to correlate the 
functional disturbance of thvroid disorders with structural abnormality 
of the gland 

The aanous clinical conditions can be considered conveniently 
under the following headings (1) congenital abnormalities , (2) acute 
and chronic thyroiditis including lymphadenoid goitre (struma 
Ij mphomatosa) and ligneous thjToidilis (Riedel s struma) , (3) Simple 
goitre, (a) parenebjanatous, (&) diffuse colloid, (c) adenomatous , 
(4) goitre with thjTotoxicosis (toxic goitre), (a) primarj (exophthalmic 
goitre), (6) secondarj (toxic adenoma) , (5) tumours 


CONGENITAL ABNORMALITIES 

Tlie thjroid gland is developed as early as the third week (1 5 mm 
embryo) as a median outgrowth of the cntodermal lining of the floor of 
the pharynx The bud as it elongates becomes hollow end its end 
globular. Evidence of a bilobed structure can be found In a 5 mm 



4J0 disj:js£:s of the thirow glaed 

embrj o The connexion of the stalk (now solid) with the pharjux is lost 
m the 7 mm cmbrjo and the separation maj occur near the pharjnx 
or more caudallj Separation near the pharjnx is believed to fa\our 
persistence of a pvramidal lobe or a thvroglossal duct, whereas detach 
ment at a lower level ma\ account for a lingual tlijTOid rest or a 
suprahj oid c% st 

Descent of the thjToid gland is probablj determined b% the caudad 
moA ement of the primitive heart and its aort$ and abnormal olutions 
of these structures maj lead to ectopia of the thyroid oraberrant glands 

A lingual th)TOid ma% be associated with absence of the thyroid 
gland m the neck or it ma% be a supemumerars gland It is situated 
m tlie median raphe beneath the mucous membrane at the base of the 
tongue It IS A eliowish red liken cherrx, and is generallj sessile, but is 
occasionalh pedunculated Darge and dilated \ essels mas tras erse its 
surface 

The swelling at the back of the tongue mav attract attention in 
chQdhood on account of dvsphagia or respiratorj obstruction, but 
more often is unnoticed until puberts or pregnancy, when, from 
increased vasculants, haimorrhage, or degeneration, it increases in 
size Barelj, malignant change 
occurs 

Aberrant and Accessory Th> 
roids Modules of thyroid tissue, 
single or multiple, and of s'ar> mg 
size, ma\ occur m the line of the 
ps-ramidal process The> may 
constitute the entire tlijTOid or 
besupemumerar} glands Similar 
nodules maj be present m prox 
unity to the inferior extremitj of 
the gland or, m rare instances, in 
the mediastinum, or even cm 
bedded in the larsnx or trachea 
where it mas cause suppuration 
Afore common!} outlj mg and 
separate nodules of thjToid tissue 
occur m the anterior or posterior triangles of the neck on one or on lioth 
sides Thc\ nm undergo enlargement either alone or in conjunction 
with the normalh placed thvroid The origin of such latcralU pHcetl 
portions of lluToid is believed to be from the ultimobranchial bo<l\, 
and it is conceded that thc\ are specialK prone to malignancv , resulting 
in a jnpilhfcrous tvpe of caxcinoma Their dark colour maj suggest a 
melanotic tumour There is evidence that some such outh mg nodules 
are not of de\eIopmental origin but are the result of metastasis to 
glands from an mcoiisjncuous pipilliferous caremoma of the tlisToid on 
the same side Supporting evidence is tiic constancy of the Ijmphoid 
capsule the tumours retain and the occasional presence of papilliferous 
changes witlim the thvroid gland 

ThjTOglossal Cysts and Fistulae A cj'st may occur at any point 
m the course of the thjToglossal tract, from the foramen cxcum to 
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the isthmus of tlie thjroid gland, or even as Ion domx as the supra 
sternal notch Very occasionallj the cjsts are multiple Remnants 
of the thyroglossal tract are rare abo\e the hjoid, and therefore cjsts 
are correspondmgly uncommon in that situation , but, below the 
hj Old bone, remnants of the tract are often present and cj st formation 
IS consequently fairly common \Vhen the mfrahvoid part of the tract 
IS complete it extends m the middle line or slightlj to one side of it 
from the isthmus of the thj roid gland to the hj oid bone, behind n Inch 
it IS usually enfolded 

A thyroglossal cj st may he present at birth, but in the majority of 
cases it first appears in childhood or in early adult life The cyst, which 
varies m size from a pea to a walnut, forms a rounded, tense swelling 
m or close to the middle Ime of the neck "Most conunonlj it lies 
immediatclj below the hj oid bone but it may be as low as the cricoid 
cartilage or e\en the supra- 
sternal notch Aluch more 
rarely the cast is situated 
abo\e the hyoid bone and, m 
that situation it may bulge 
into the substance of the 
tongue or even mto the floor of 
the mouth as well as beneath 
the chin The cyst is thin 
walled and contams clear, 
glairy or mucoid fluid , 
occasionally the contents are 
dark from cholesterol crystals 
or altered blood The cyst is 
Imed with stratified columnar, 
cubical, or squamous epithe- 
lium m larymg proportions 
Small islets of thvroid tissue 
may be present m the wall of 
the cyst In many cases a 
considerable amount of lymphoid tissue surrounds the cyst and pre 
disposes it to infection Frequently a narrow fibrous band extends 
from the wall of the cy st to the postenor and inferior part of the body 
of the hyoid bone, and sometimes this prolongation may actually 
tra\erse the bone, or it may pass in front of the hyoid and extend to 
the base of the tongue 

A thyToglossal cyst is very liable to infection especially after 
an attack of pharMigitis and if suppuration occurs the cyst may 
rupture and form a fistulous opening in the neck — thyrogjossal fistula 
or median fistula of the neck. In otlier mstances a fistula results from 
aspwation or from mcomplete removal of the c\st The fistula is "Ncrv 
persistent and discharges glam fluid or pus continuouslv or inter 
mittently Usually a firm cord of tissue can be felt passing from the 
fistula towards the by oid bone , and as n result of fibrosis and contracture 
of the cord, the skin surrounding the orifice is indrawn ami forms a 
crcsccntic fold 
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Surgicallj, thyroglossal cjsti and ilstube, on account of tneir 
ramifications, require special!} planned operations for their eradication 
As the prolongation of the cyst or fistula is often attached to the hj oid 
bone or extends towards the base of the tongue, it is usualK necessary 
to remove a portion of the bone and to excise a tubular portion 
of the median fibrous raphe of the gemo-hyoid muscles 

ACUTE THYROIDITIS 

Acute thjToiditis is rare m healthy tlijToid glands, but is not 
uncommon in goitrous ones It nia\ occur as a complication of various 
infective diseases especial!} those of the respirators tract One or 
both lobes of the gland mas be allecled The mnammalor} jirocess 
usuaDy subsides, but suppuration ma} occur and the resulting abscess 
may burrow into the cesophagus, the trachea, or the mediastinum 

In rare instance suppuration follows perforation of llie tesophagus 
or the trachea b\ a shaip foreign bods Carcinoma of the plisrinx 
or of the oesophagus mas in\ade the tlisroid gland and lead to 
suppuration. 


CHRONIC THYROIDITIS 

Tuberculous Thytoi<liti5 Tuberculosis of the thyroid gland is ser% 
rare It is secondan to tuberculosis elsewhere, and it ma} affect 
a health} gland or an adenomatous one It ma} ocair m one of tliree 
forms (1) fRiIiary, which is similar to miiiaiy tuberculosis of other 
organs , (2) cateoua, an tmeommon form, sometimes associated with 
tuberculous l)'mphadenttis , and (3) scltnmng, in which one lobe or the 
entire gland is the seat of extensive fibrosis, and is hard, elastic, 
yellowish white, and fixed to surrounding structures 

Syphilitic TbyTOiditis. Syphilis of the thyroid is rare It may 
occur m inherited s}'philis and it develops usually in early adult life. 
It ma} occur also m acquired S}'phili$ 

In s}'philitic th^TOiditis the gland is moderatel} enlarged and is 
diffusely infiltrated b} fibrous tissue It is usual!} slight!} nodular 
and extremel} hard, and as the thyroid often adheres to surrounding 
structures, resemblance to malignant disease ma} be sety close In 
many cases symptoms referable to pressure on the trachea are present 
and ma} become urgent 

Lymphadenoid Goitre : Struma Lymphomatosa (Hashimoto’s disease) 
This non specific form of goitre was first described in 1912 b} 
Hashimoto It possesses characteristic pathological features which 
class it as a distmet form of thyroid abnormaht} . 

It occurs almost exclusive!} m females at ages rangmg from 
adolescence to late life, and frequentl} culminates in m} xcedema, though 
m rare instances toxic features ma} appear Tlie ihsToid gland is 
moderateh and uniform!} enlaiged, smooth and firm, and when cut is 
pale pink or yellow in colour Exerywhere there is an increase of 
fibrous tissue leading to exaggeratmn of the normal lohuhtion Colloid 
containing tissue is absent ’'Iicroscopicalli, the characteristic feature is 
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the uniform and u idespread inAltration tv ith lymphocj tes, together tv ith 
man> germ follicles, which replace, distort, and lead to acinar 
degeneration In the later stages there may be e\tensive fibrosis 
The pathogenesis of this variety of goitre is obscure. McCarrison 
reproduced a similar type m rats fed on a deficiency diet However, 
in man there is little evidence that dietary deficiencies are responsible 
Attempts have been made to estobhsh a relationship between 
lymphadenoid goitre and ligneous thjTOiditis, and there are now 
records of so many examples in whicli the pathological characteristics 
appear to be so blended that the unity of the two conditions is likely to 
bo substantiated 


Ligneous Thyroiditis (Woody Tbyroldihs ; Riedel’s struma) 

This rare form of thyroid affection was first described in 1896 by 
Riedel, who summed up its mam features as “ a chronic inflammation 
of the gland leading to the formation of an iron hard tumour ” The 
disease is of importance because of its simulation of carcinoma, and its 
possible relationship to IjTnphadenoid th>'roKlitis 


The most conspicuous feature 
IS a painless enlargement of the 
thyroid, which is densely hard 
The gland is adherent to the 
trachea and other structures of 
the neck, and pressure symp- 
toms are generally severe and 
are out of proportion to the 
degree of enlargement. Women 
are more often affected tlmn 
men, and usually the disease is 
not associated with either hypo- 
thyroidism or hyperthyroidism. 
Tlie regional lymph glands arc 
notcnlargcd Spontaneous retro 
gression of the disease has been 
reported, and retrogression has 
also been knowm to occur after 
remot al of part of the gland or 
after exposure to radium 

Pathology. The appearance 
of the thyroid gland and its reJa 
tionship to surrounding struc- 
tures vanes according to the 
duration of the disease In the 
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Tlie gland is extcasivefyinflltratedwiih 
nbrous tissue containing many lympho- 
cytes 

(Pfjttrtmenl c/ PatAaloffy CmrtrtUf e/ C2a»fom ) 


early stage it is enlarged trregularlj and as) mmctrically. Its surface 
may be smooth or nodular, and the gland is extremely hard, so that a 
sensation of iron hartlness is imparted when an attempt is made to cut 
it The cut surface may show thick grey hyaline bonds of fibrous tissue 
which intersect the gland TIic gland is usually adlierent to its fascial 
capsule, and, at a later stage, may be tightly bound to the muscles, 
trachea, and the carotid sheaths In theadvnnced stages, tough, leathery 
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the soil or in foodstuff borne by it Probably in many instances intake 
of iodine is adequate, but its utilization is disturbed by alimentary or 
constitutional abnormalities Hosvever important iodine deprivation 
may seem in goitre areas there is not sufficient ev idence to pros e that 
bears an inverse ratio to the incidence of the disease It is more 


likely that deficiency of iodine renders the metabolic processes more 
susceptible to the action of additional goitrogenic agents In brief, 
iodine may determine endemicilj, superimposed factors (so called 
goitrogenic agents) its incidence 

Gmtrogenic agenls include (1) insanitary conditions, (2) faulty diet, 
(3) chemical substances 

(1) Insanitary conditions which permit of contamination of food and 
dnnking water by human and animal excreta have been prov ed to be 
fruitful predisposing causes of goitre in localities where the iodine con 
tent m the soil is low and the diet faulty Provision of a purified water 
supplj brings about a notable reduction in the incidence of goitre m 
such regions 

(2) Faulty diet maj give rise to goitre in animals under experimental 
conditions and presumably may have the same effect in man The 
most important agencies are (a) excess of fats, fatty acids and lime, 
(6) deficiency of iodine vitamin A, vitamin C, and protem (m associa- 
tion with vitnmm A deficiency) (c) the presence in the diet of certain 
substances such as cyanogen compounds found m cabbages The 
iodine content of fresh foodstuffs varies greatly in different localities 
The minimum requirement of iodine for ndulls is said to be about 
15 mg per daj, but 
lesser amounts ma> be 
adequate prov ided 
positive goitrogenic 
agents are eliminated 

(3) Chemical sub 
stances hav e been shown 
to be goitrogenic in 
animals The best 
known are calcium 
boron, silica organic 
acids and C) anidcs 
Cjanides apparently 
act b> depressing tissue 
oxidation, with conse 
quent greater thjToxinc 
requirement and an 
increased iodine supply 
to meet its produc 



tion 

Prophylaxis of 
Goitre Striking evi 
dence of the importance 


Ftc 190 Photomicroi^ph of colloid goitre Note 
tl e enloigement of the acini due to excessive 
accumulation of colloid and the flattening of 
their epithelial lining 


of iodine in the prev ention of goitre is affordedj^ statistics from goitre 
regions following upon the practice of tablets containing 
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10% to 15% of thyroid glands examined at autopsy display either 
macroscopic or microscopic evidence of adenomatous changes 

Formerly the no<lular masses diaractenstic of this type of goitre 
nere regarded as innocent tumours, but they are now believed to 
represent circumscribed areas of involution developed m a hy'perplastic 
gland They ha\ e their counterpart in chronic lobular mastitis and in 
some types of cirrhosis of the li\ er 

The mode of origm of the adenomatous masses is probably as 
follovi's In the process of m\olutton subsequent to hy^ierplasia the 
restoration to normal is not necessarily imiform , some parts may 
remam in a state of hy^perplasia, others may mvolute completely , and 
others may unde^ excessive imolution IMien the m\olutionary 
changes are confined to mdiiidual lobules and the rest of £he gland 
remains either temporarily or permanently m a state of hyperplasia 
the colloid filled lesicles of the iniolufed portions of gland become 
demarcated from the rest and this segregation may become more 
pronounced by the condensation and o\ergro\vth of fibrous septa which 
afford an adi entitious capsule for the nodules In a somewhat similar 
manner persisting areas of hyperplasia may become dehneated from 
the rest of the gland resulting in a more solid type of adenoma Such 
a cy cle of changes in the thyroid gland may be evolved rapidly or may 
occupy many years, and as an outcome, the histological appearances 
may be \ ery compUcated For example, in one gland there may be 
areas typical of colloid 
goitre, of adenomatous 
goitre, and of all grades 
of hyperplasia 

Morbid Anatomy 
The appearances of the 
thyroid are extremely 
\ aned Sometimes there 
IS a smgle adenoma, but 
more often the tumours 
are numerous and 
scattered throughout one 
or both lobes, and, as a 
result, the gland may be 
greatly enlarged An in- 
dividual adenoma may 
be no larger than a pea 
or it may be as large as an orange It lias usually a « ell formed 
capsule, and if smgle it can be enucleated On section it may ha%e a 
gelatinous or amber appearance, or it may be firm, greyish yellow and 
elastic 

A thyuoid adenoma of wliatoer type ts\cry liable to complications 
A sohd adenoma may undergo necrosis , a colloid adenoma frequently 
becomes cystic The cyst contents are often chocolate coloured from 
extra\ asated blood, and cholesterol crystals may be present Ha:mor 
rhage into an adenoma is a fairly frequent occurrence , it may lead 
to sudden enlargement of the adenoma and may therefore simulate 
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between the two tv^pes is one of degree rather than of kind and that 
all gradations between them may be recognized In short toMc goitre 
{which includes both forms) is a single disease, and its manifestations 
in different cases are merelj modifed according to the condition of the 
thjToid gland when the particular stimuli to nctiMtv are imposed upon 


it, and to a less extent according 
to the age and the constitution 
of the patient In Britain the 
se\ incidence of th 5 Totoxicosis 
is about eight females to one 
male 

etiology All arc agreed 
that the features of toxic goitre 
are d le onl\ to excess^ e output 
of thjToxin b\ the thsToid 
gland on an a\ erage the blood 
le\ cl IS from 8 mg to 1 4 mg 
comparctl with 4 to 5 mg m 
normal persons and \er\ con 
stantlv the organic fraction of 
blood iodine is increased There 
IS no proof that the e\cessi%e 
secretion is of a different 
character from the normal 
^Ian\ attempts ha\e been made 
to incriminate other endocrine 
glands m the initiation of the 
disease and m the final mam 
festations m a arious sj stems 
of the lx)d\ An excessire out 
put of thaarotropic hormone 
from the pituitary gland has 
been held responsible but ll e 
ca idence is not y ct complete 

The prcdisposiryr causes of 
toxic goitre are fairh well 
known Primary ioxic goilrc 
occurs most often in young 
subjects especially women and 
maa sometimes develop before 
puberty Not infrequently there 
is histora of goitre m the family 
Less often the disease deaelops 
about the time of the menopause 
in older subjects usually worn 
much later 



Fio 109 rnmary toxic go tre associated 
with h j pertrophy of thyanus gland 
(tVpartmfnle/Su'Tav Vn ennS^if E4 nimrjh) 


Secondary toxic goitre usually de\clops 
cn after thirty fi\e years of age or 


The exciting causes of toxic goitre are suggested by the frequency 
with which a history of nervous strain precedes the illness It mav 
be acute or protracted and subjects of an emotional or artistic tempera 
ment are more susceptible In other instances infections such as 
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influenza tonsillitis etc precede the illness and may be rej^arded as 
exciting factors 

The Thyroid Jo Toxic Goitre 


(a) Primary Toxic Goitre The thyroid gland is enlarged uniformly 
to a moderate degree On an average it is about four or five times 
the normal size, but in some cases the enlargement maj not be 
obvious on examination as the gland sometimes msmuates itself 
behind the trachea There is no constant relationship betiveen 
the size of the gland and the severity of the symptoms The 
gland IS highly lascular owing to dilatation and proliferation of 
its blood vessels The cut surface is granular and friable and 
owing to the diminution of colloid it lacks the normal glistening 
appearance In old standing cases there may be a marked increase 
of the intraglandular stroma The iodine content of the gland 
IS reduced In the majority of cases of toxic goitre beginning before 
the age of thirty years the thymus shows hyperplasia In some cases 

the lymphoid tissue 
throughout the body 
shows a mild degree 
of hyperplasia 

Jlicroscopically, 
the most cliaracteristio 
features are reduction 
in the amount of col 
loid ond proliferation 
of the epithelial cells 
Iming the acini The 
colloid IS usually very 
scanty and is more 
fluid than normally 
and is often vacuo 
laled it often contains 
degenerated cells and 
it stains poorly with 
eosm The cells of tl e 



'iSifl •hfpxr-t -gcaA Itwu 

B case of pnmary toxic fjoitre The ep thel um of 
the acini sbons marked hyperplasa the coHod is 
scanty and vacuolated 


acini are enlarged and 
swollen increased m 
number and definitely 
columnar Infolding 


of the walls of the acini 

IS usuallj a striking feature and as a result the acini lose their normal 
shape An excess of lymphocytes is present in many cases 

The appearance of the thyroid gland m primary toxic goitre t aries 
according to the chmcal course of the disease In cases which run a 
rapid course witl out rem ssions there are only the changes of hyper 
trophy and hyperplasia as described above whereas m cases in whicli 
there are natural remissions parts of the gland are hyperplastic and 
others involuted In the involuted parts the acini are distended with 
colloid, and as the involutionaiy process usuallj has a lobular distn 
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bution these colloid areas frequcntlj become separated from the rest of 
the gland, forming adenomatous or nodular masses of varying size 
The areas of hyperplasia also have a lobular distribution and may 
become sharply demarcated to form the so called “ miliary adenomata ’ 

Similar mvolutionary changes follow the therapeutic administration 
of iodine in primary toxic goitre They include restoration of colloid 
to the \ esicles, disappearance, in places, of hyperplasia and hj pertrophy, 
and increase of the fibrous stroma and reduction of \ ascularity As a 
result the gland becomes firmer and more gelatinous, and often distinctlj 
mammillated or nodular on the surface It is well known that iodine 
produces \ ery marked temporary amelioration and reduction of basal 
metabolism in o^er 70% of cases and rarely fails to effect some benefit 

(&) Secondary Toxic Goitre (Toxic Adenoma). In most cases 
the pre existing pathological condition is an adenomatous goitre, 
which may have been present since early adult life Tlie adenoma, 
per se, does not confer any special tendency to the development of 
toxicity , but it alters the toxic features \ery considerably. It appears 
as if the epithelium in an adenomatous goitre is already, to some 
extent, exliausted or destroyed, and is unable to react to the same 
extent as a healthy gland, and therefore the manifestations of 
secondary toxic goitre are usually less pronounced than those of the 
primary variety, though the effects upon an already impaired cardio 
\ascuhr system may be more grave 

It IS presumed that excessive secretion is not elaborated m the 
adenomata but in other parts of the gland, but m a very few cases it 
must be conceded that a single adenoma, situated in on apparently 
healthy gland, may be itself responsible for toxic effects, for removal 
of the adenoma (wluch is often oNmall size) rapidly brings about relief 
of the hj^pcrthyroidism 

Hyperthyroidism and Thiouraal Drugs The discovery of potent 
antithyroid drugs (thiouncil, etc), has simplified the control of 
hyperthyroidism Tlie agents have no elTect upon the cellular or 
vascular elements of the gland v>Jiich arc totally unaltered after 
prolonged dosage Their mode of action, so far as is understood, is by 
inhibition of the normal sy nthesis of thyroxin, and it has been suggested 
that the drug deters the enzyme process (peroxidase) jiresent in the 
sy nthesis of thyToxm The suppressive effects of the agents is gradual 
and progressi\ e, and a drop of about one degree of metabolism per day 
IS usual On an average if there is no intolerance, the constitutional 
effects of hypcrthyToidism are under control within 4 to 7 weeks The 
thyroid gland remains hyperpkslic, but is still susceptible to the 
mvolutionary changes which iodine confers Thus, m practice, it is 
usual, v%lien thyroidectomy js contemplated, to administer iodine for 
some 10 diivs after the full effects of the antithyTOid drug have been 
recciv ed 

Exophthalmos Exophthalmos is one of the most arresting features 
of toxic goitre It is probably due to a combination of causes chief of 
v\hich are (a) sustained contraction of unstnped muscle fibres within 
the orbit and ey clids, (fc) increase of fat m the socket of the ey eball, and 
(c) o-dcinatous infiltration of the ocular muscles 
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Trolrusion of the ejcs usuillj dirntnisbes after surgicil treatment 
of the goitre , but in a few instances (especiallj in elderlj males) it 
persists or increases, so much so that the cjelids cannot be closed and 
the cornea is permanenti} exposed and becomes ulcerated Continued 
infection maj lead to destruction of the c\e (exophthalmic ophtlialmo- 
plegia) The persisting exophthalmos is beheved, as in experimental 
conditions, to result from exccssise liberation of the pituitarj factor 
responsible for thiToloxicosis It mas retrogress when the whole 
thiTOid IS removed 

TUMOURS OF THE THYROID GLAND 
Adenoma 

In a prcMous section it was indicated that the common nodular 
formations in the thjToid are not true tumours But there is a small 
group which hare undoubted features of an adenoma Such a tumour, 
often called fatal adenoma ” from the prunitive character of its cells 
IS usuall) single, small, solid, and well encapsuled Histologically , it is 
composed of cubical or spheroidal cells containing large dark staimng 
nuclei and >ery little famtly staining protoplasm In the early stages 
the cells he m sheets without a lumen or are arranged in columns In 
places a lumen may form and a minute amount of colloid appears and 
the tumour then has the appearance of the th%7oid gland in infancy 
Deselopment may proceed and large resides hUed with colloid appear, 
but the cells hmng them remam small and other parts of the tumour 
retain theix undifferentiated chameter Tlie remainder of the gland is 
usually healthy The tumour is generally functionless, and is prone 
to early degeneration leading to cyst formation In rare instances 
myxoedema has followed removal of a thyroid adenoma, even though 
the gland appears healthy 


Caronoma 

Coremoma of the thyroid usually occurs between the ages of iifry 
and serentv Lnlike other thvroid diseases the incidence is re]^ll\cl\ 
greater m men thin women (2 4 1) 

Carcinoma is spcciallv prone to develop m a gland already altered 
by disease, particularly the adenomatous type of goitre For this 
reason the incidence of malignant disease of the thyroid is high in 
endemic goitre regions 

Usually malignant disease of the thyroid gland causes neither 
hyperthyroidism nor hvpothvroidisra , occasionallv, houever, the 
tumour or its metastas^ elaborate tbyrotoxm and thus lead to the 
changes characteristic of tone goitre 

Ihe histological appearance in coremoma of the thyroid gland is 
verv diverse, varying from an epithelial proliferation not H iss imilfip to 
that of tone goitre to a degree of anaplasia which may lead to confusion 
with sarcoma It is customary, however, to recognize the foUomn" 
pathological types of growth, although it should be understood that 
they are not invariably distinct and that many intermediate forms 
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occur. Of these l\pcs, the first three are not uncommon, the otliers 
rare 

Mahgnant Adenoma This tumour occurs especiallj in endemic 
goitre regions It is thought to arise most often in a fcctal adenoma 
The tumour ^ anes considerablj m size and appearance It ma> attain 
large size and exercise its mahgnant effects mainly bj pressure m the 
neck, or it maj give rise to metastases which terminate life whilst the 
primarj growth remains 
small lletastasis maj 
take place to the regional 
Ij mph glands or to the 
skeleton The sternum, 
ribs, a ertebral column 
and skull are the bones 
commonly im ol\ ed 

The microscopic ap 
pearance of the mahg 
nant adenoma x anes 
greatlj , both m different 
specimens and m differ 
ent parts of the same 
specimen Jlost often 
the appearance is that 
of cubical or loir col 
umnar cells arranged m 
acini, whilst in places 
the cells ma> be dis 
posed in solid masses 
or present a papillarj 
formation In some tumours tliere are areas resembling normal or 
hjpoplastic th^Toid tissue, or areas with the appearance of fcctal 
adenoma or colloid adenoma 

Papillary Adeno>carcmoma. This tumour, which is the commonest 
ti’pe m Great Britain, is believed to dcielop generally in an adenoma or 
simple c} st Occasionally it has been found in the posterior triangle of 
the neck, ivhere it is believed to ha\ e originated in an aberrant nodule 
of thyroid tissue The tumour generally attains considerable size 
and IS soft, partly cystic, with a yellowish grey cauliflower appearance 
on section Since at first it lies within the capsule of the original lesion 
it IS less malignant than the other types Eventually it gives rise to 
secondary growths in the regional lymph glands, but it rarely 
metastasizes to more distant sites 

Alicroscopically, it is composed of branching papilhferous processes 
supported by a well formed and vascular stroma , the cells are arranged 
in one or more layers and may be of a lugh columnar order, cubical, 
flattened or syncytial 

Sarrhous Carcinoma Unhke other types, this tumour commonly 
arises in a normal thyroid gland It forms a small hard infiltrating 
growth which spreads diffusely by direct extension and ini adcs adjacent 
structures, especially the lannx, trachea and infrahyoid muscles At 



Tic SOI Malignant adenoma of the thyroid gland 
{Labmlorytf roy^tCtlU^ttS rhfneiant ef Biuiivrjh ) 
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an early stage it metastasizes to the lymph glands of the neck and 
mediastinum 

Microscopically it consists of solid clumps of cells, small polyhedral 
or e\en spindle shaped, set in a fibrous tissue stroma In some cases 
the growth is exceedmgly cellular and may resemble a sarcoma 

Epidermoid Carcmoma This tumour resembles the scirrhous 
carcinoma, but is 
characterized micro 
scopically by the 
presence of cells of 
squamoid pattern It 
seemslikely that many 
tumours formerly m 
eluded m this type 
were caremoma ongi 
natmg in the pharynx 
and mvolvmg the 
thyTDid by contact 
spread 

Sarcoma It seems 
probable that many 
tumours formerly m 
eluded m this group 
were anaplastic forms 
of carcinoma True 
sarcoma of the thy*roid 
gland IS now regarded 

.w as a very rate grow th 

(Dtpartmcnl ef Palicltn C« fmi/y 1/ Olb*^) PathologlCalEffcCtS 

of Caxanoma of the 

Thyroid There are no characteristic early symptoms and signs of 
malignant disease of the thyroid and this accounts for the frequency 
with which the disease may not be diagnosed clinically, but is recognized 
only on histological exammation M hile a malignant adenoma is still 
encapsuled diagnosis is scarcely possible 

Progressne or rapid mcrease in size of a thyroid gland which has 
already been enlarged but stationary is often an important sign A very 
suggestivesignisthesuddenonsetofhoarsenessoraphonia Pam referred 
to the side of the neck or the head though not pathognomonic is an 
important symptom MTien the tumour has penetrated the capsule 
of the thyroid, especially if this occurs m the medial aspect of the gland 
the larynx and trachea are msolved and become fixed, and the trachea 
may be displaced compressed or even invaded The infrahyoid 
muscles and later the skin become invoUed in tlie growth One or 
both recurrent laryngeal nenes may be paralysed Involvement of 
the pharynx and cesophagus is a not unusual feature and accounts for 
the dysphagia which is fairly common m this disease It is very rare 
for a simple goitre to produce dysphagia, and therefore this symptom, 
ui association with a thyroid enlargement, should arouse a suspicion 
of malignancy 
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In tbe late stages the skin is puckered and reddened, tlie superficial 
^ ems are engorged, and there is extreme dj’spncea, but cacliexia, com- 
monlj seen in cancer in other regions of the body, is often absent. 

Metastases in Carcinoma of the Thyroid. Next to the regional 
lymph glands the lungs are the commonest site of metastases. They 
are also common in the bones, especially in the ■vertebra, the skull, and 
the long bones {see p 178). In a number of cases in which osseous 
metastases are present the primary growth is very small or of v ery slow 
growth, and in such cases the metastasis may be mistaken for a primary 
tumour. 
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CHAPTER XXI 

DISEASES OF THE PARATHYROID GLANDS 
A^ATO'IY AND PHYSIOLOGY 

The parath\Toid. glands are \ ellowish browm o\oid or lenticular 
structures, measuring 5 to 7 mm m length and 1 to 2 mm in 
thickness Xormallv there are two pairs of parathiToids, superior and 
infenor, but one parathjToid is absent m 24% of subjects, two are 
absent m o% and oceasionalh onlr one is present 

Supcmumerar\ parathiToids are fairl\ common and as man\ as 
twelve mai be present The parathvroids var\ m position as well os 
m number UsuaUy the\ he outside the capsule of the thjTOid gland 
The superior one is situated on the posterior surface of the lateral lobe, 
about Its middl* The mfenor one is larger than the upper and usuallj 
hes on the poslcro-medial aspect of the inferior estremits of the 
thyroid The blood supply is usualli derived from the anastomotic 
vessel connecting the superior and mfenor tbj'ioid artenes, and this 
vessel furnishes the best guide to them In rare instances a parathyroid 
gland may he buned witbm the substance of the th>Toid gUiid One of 
the supenor paratb\*roids may he behmd the pharynx or the cesophagus, 
or m the areolar tissue at the side ol the larvnx, above the le\el of the 
thyroid gland One of the mfenor parathivoids ma> he near the 
bifurcation of the common carotid artery, behind any part of the 
thjToid gland on the side of the trachea, or in the supenor mediastmum 
close to the thymus or withm it 

The parathj'Toid glands are composed of compact masses of 
epithelial cells separated b\ strands of areolar tissue containing 
vessels which tend to assume smusoidal characters The epithelial 
cells nm\ vary m appearance according to the age of the subject 
Usuallv they are polvgonal and of moderate size with an abundant 
clear cj stoplasm , the cell nucleus is usually exccntric and contains 
•OTA ta wiftVeds tSw ter. News ts?i.V5> 

are present cither singU or m groups , thej contain granules which 
are markedh acidophihe It k not known which type of cell gives 
rise to the active secretion Later m life vesicles contammg colloid 
material are sometimes present. The colloid material, which does not 
contam lodme is more abundant after Ihvroidectoraj 

The function of the pacatbMOid glands is to regulate the calcium 
and phosphorus metabolism of the bod^ The method bj which the 
glands mamtain a balanced ratio between mtake, storage, utilization 
and excretion of calcium is very complicated and is mfluenerf b} manj 
accessory factors sucli as diet, adequate quantities of yntamin D, and a 
proper amount of phosphatase m the tissues Upon the correct meta 
bohsm of calcium depends the growth and stabihty of the skeleton, the 

435 
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irritability of muscles and nerves and the coigulabilitj of blood 'Ihe 
skeleton, being the reser%oir for calcium m the bodj, is especialK 
subject to the hormonic effects of the glands , and in pathological 
conditions this source of calcium seems to be more readilj a^aiHble 
for assimilation by the tissues than the calcium absorbed by the bouel 
The amount of calcium m the blood remains \cry constant and is 
normally between 9 and 11 mg per 100 cem of blood serum The 
manner in which calcium is held m solution in the blood plasma is 
twofold Part, about 2 5 to 4 5 mg , is held by adsorption ^vith protein 
and IS non ionized and physiologically inactive The remainder is 
present as ionized calcium, about 1 to 2 mg of which is dissolved as it 
would be m saline solution, and the rest (nearly half) is held in solution 
by parathormone The method by which the hormone controls the 
solution IS not fully understood, but when the parathyroid glands are 
excised it is this last fraction which disappears There is a reciprocal 
relation between the concentration of calcium and phosphorus m the 
blood plasma whereby the acid base metabolism of the body is main- 
tained, so that if the concentration of one rises that of the other falls 
After removal of the paratliyToid glands the blood calcium may fall 
as low as 0 mg per 100 cem (hypocalcecmia), and the reduction is 
associated with characteristic clinical features known as ietany The 
features of tetany are abolished by the administration of calcium salts. 
Conversely, in certain states of over activity of the parathyroid glands 
the blood calcium is raised {hypercalc<pmta), sometimes to as much as 
18 to 28 mg per 100 c cm , with a proportionate fall in the blood 
phosphorus to as low as 1 mg per 100 cem , and a greatly increased 
output of both calcium and phosphorus in the urine 

The isolation by Collip m 1924 of an active extract of the para 
thyroid glands afforded nev\ avenues for the study of the parathyroid 
glands m relation to calcium metabolism Continued injection in 
growing animals is followed by a considerable rise m the blood calcium 
and an increased excretion of calcium and pliosphorus m the urine 
The plasma phosphatase is always increased The first elTect of para- 
thormone IS to lead to an increased elimination of phosphorus by the 
urine, followed by increase of serum calcium made available by the 
reserves in the skeleton The excess of calcium is excreted by the 
kidney and a progressive depletion of the mineral calcium of the skeleton 
occurs, resulting in rarefaction of the bones There may be an associated 
loss of appetite, drowsiness, muscular atonia, and great dehydration 
Metastatic calcification may occur m the kidneys, lungs, myocardium 
and gastro intestinal tract These biological effects of excessive doses 
of parathormone have their counterpart in generalized osteitis fibrosa 
{fee p 150). 


SYNDROMES OF PARATHYROID DISEASE 
Hypoparathyroidism 

ParathyToid deficiency is manifest in its most characteristic form 
as post-operative tetany, following operations on the thyroid gland; 
but It may occur spontaneously. 
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Post operative H)T)oparath>’roidiSin {Ulanta paraiht/reopnva) Post 
operative tetanv is an occasional complication after tlmoKlcctoniv 
Fortiuiatclj in most eases the tetanj is of a lemporarv character, anti 
IS due probaUi to tempotarv suppression of secretion caused bv 
reactionarv cedema in the glands Complete removal of the paratbvTOid 
glands IS followed bv a rapid fall in the serum calcium to a or 6 mg per 
100 c cm and then tetanv usuallv appears within two to four davs of 
operation Tetanv occurs frequentlj after removal of a parathyroitl 
tumour general!} it is transient but it mav be complete and prove 
fatal 

It IS supposed that half the parath}Toid tissue normallj available 
should be left to prevent tetan> Administration of parathormone 
restores the serum calcium to the normal level, and has been used 
successful!} to counteract the s}'mptoms of tetany Calcium chloride 
injected mtravenousi} hA^ the ^ame effect and acts more rapidlv 



Fig 203 Cturactenstic stlitudr cf liand m trt^v 
Paratbvroid extract given over long periods mav lose its effect and in 
such cases vitamin D in the form of Calciferol is effective 

The hy’pocalcsemia of paratbyxoid origin is associated with retention 
of calcium and phosphorus m the bod} and is not due to depletion b} 
urmar} excretion Probably in the absence of paratbvroid hormone 
the tissues are unable to utilize the calcium in circulation and storage 
m the skeleton results 

Spontaneous Hypoparathyroidism It is characterized by weak 
ness sometimes by opacities in the lens, brittleness and ndging of the 
nails and loss of hair and dental enamel The serum content of calcium 
IS low The condition is reheved bv the administration of pamthyroid 
extract or irradiated ergosterol etc 

The idiopathic tetany of childhood, which commonly occurs during 
the active stages of rickets, is associated with a low calcium content of 
the blood serum The parathyroid glands often show enlargement in 
nckets and probably this is of a compensatory nature to overcome the 
effects of deficient absorption of phosphorus 
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Tetany may result from contmucd \omjtmg, eg m pjloric or high 
intestinal obstruction , or it may follow the administration of alkalies 
e g , m the treatment 
of peptic ulcer or 
pyelitis The tetany 
m such cases is not 
associated with any 
alteration of the 
serum calcium nor 
related to parathyroid 
disorder, but is due to 
alkalosis which 
causes a decrease of 
the a\ailable calcium 
existing as free ions 

Hyperparathyroidism 

n«n/»inl-inn Adcnoma of parathyroid gland in case of 

iiie association osteitis nbrosi 

between hyperfunc 

tion of a parathyroid tumour and generalized osteitis fibrosa is now 
established and it is beioml doubt that the parathyroid actnity is 
primary and the skeletal changes 
secondary 

The parathyroid enlargement i$ 
usually confined to one gland less 
often to part of two glands In 
rare cases there is overgrowth of 
all glands a feature nhich suggests 
an indirect bormomc effect probably 
from the pituitary The degree of 
enlargement vanes but on an 
average, it is three to eight times 
the normal before serious symptoms 
occur Usually exploratory opera 
tion IS required to demonstrate the 
enlargement In many instances 
the enlarged gland has been abnor 
mally situaleti eg in or deep to 
the thyTOid gland in front of or 
behind the (esophagus or in the 
mediastinum 

Tlie mechanism by nhicli pan 
thyToid o\er activity leads to the 
skeletal dy’Slrophy is discussed on 
p 151 Apart from the bone 
changes there may be ot! er effects 
such ns muscular liv potonia gastro 
intestinal disturbances impaired renal function abnormal deposition 
of calcium and a liability to the formation of renal calculi Occasionallv 
tl e scrum calcium is normal but the urinary calcium is always increased 
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unless as a result of anorexia the intake of Mtamin D fias 
defcjent 

After removal of a {arathsTOid adenoma th® blood calcium and 
phosphorus promptly return to normal levels There is usualls relief 
from subjective simptoms, such as bone pains, and spontaneous 
fractures mas heal and osteoclastic tumours disappear Restitution 
of th®skeIetaldenstU is usuaHv progressive, especialls mvoung subjects 
X.nnar\ caleuh nia\ disintegrate or require removal. 

Tetany sometimes fataL max develop after operation, exen wlien 
the blood calcium is as high as 10 mg p®r 100 c.cm 

Millie hx'perparathxToidi'rn is u^uallx du** to a tumour of a para 
thxToid gland there is another tvpe of disease m which tlie parathxTOid 
glands are bx'perplastic as a *®condarx manifestation eg^ m osteo 
malacia. and in chronic renal failure especialh m chfldbood It is 
probable that in such cases the paratbsTO d oxergrowth is du® to 
acidosis with retention of phosphorus Tlx* differential diagnosis from 
parathxToid osteitis max then be diffumlt but usuallv the bViod l*vel 
of phoqihates (low m osteotis fibrosa high in secondarx lix-perpara 
thxToidnn) makes the situation clear 


Tnmouis of the paratbjroid glands are rare, but thev are of g®eat 
mterest because thev are often, though not alwavs, associated with 
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hyperparath) roidisra There arctno^aneties — adenoma and carcinoma 
Adenoma As m many other glandular organs there is not always 
a sharp distinction between hj'pcrplasia and adenoma Usuallj the 
adenoma js single j ellow or grej ish white encapsuhtctl and lobulated 
large examples (with dimensions of 75 X 5 X 18 cm haae been 
encountered) though often not detectable The tumour may be cj stic 
and there maj be areas of catcificatioii in it 

Microscopically a parathyroid adenoma is composed of interlacing 
compact cords or masses of la^e clear cells uniform m type and 
separated by vascular spaces {see Fig 206 ) The stroma is usually 
scanty In some examples the cells may m parts be arranged in acini 
containing colloid like material 

Carcinoma This is a acrj rare tumour it may arise spontaneous!} 
or from an adenoma The tumour which grows rap dl} and irregularl} , 
ma} reach the size of a fist or larger It infiltrates the th}'roid gland the 
muscles and the trachea and larynx and there is a great tendency to 
local recurrence after operation Metastases occur in the l}Tnph glands 
the lungs and the skeleton Histologicall} the tumour is composed of 
irregularly disposed cells of \anous sizes The cell nucleus is often 
large and commonl} show s mitosis 
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CHAPTER XXII 


DISEASES OF THE PHARYNX, LARYNX AND 
OESOPHAGUS 

PHARYNGEAL DIVERTICULUM 
A DiVEBTicuLUSi of the pbaijTix ongmates as a protrusion of tlic 
mucous membrane through the postenor 'wall of the pharjmx m the 
middle line The site of ongm of the pouch is constant, and is deter 
mined bj the arrangement of the muscle fibres at the entrance to the 
oesophagus Tlic mferior constrictor muscle of the pharjTix consists 
of two portions each with a different disposition of fibres, and a different 
action The upper fibres (IhjTO phatjTigeus) taVe ongm from the 
thjTOid cartilage and pass obliquel} upwards and backwards around 
the pharjm to its median raphe Tlie lower fibres (cricophamigeus) 
arise from the cnooid cartilage and encircle the entrance to the 
(esophagus like a collar Posteriori}, between the two parts of the 
inferior constrictor, the wall of the pharvnx is potentiall) weak and 
under abnormal conditions constitutes an area of lessened resistance 
On the pharvTigeal surface this area maj be marked hj a small 
depression which has been called the ‘ pharjmgea! dimple althougli it 
is rarch detectable m normal subjects IMien a direrticulum of the 
pharvnx occurs it is between the t^o sets of fibres of the inferior 
constrictor muscle 

etiology There is no evidence that a diverticulum at this site is 
congenital m ongm for its occurrence m joung subjects is unknown 
apart from organic stenosis of the upper part of the ccsophagus 3fost 
examples of pharyngeal divciticulum have been found in adults past 
middle life, and the mcidence is greater in males than m females (3 1) 

The determmmg cause of the diverticulum is accepted to be 
interference witli the normal co-ordinalion of the act of swallowing 
whereby intrapharjTigeal tension, generated durmg deglutition is 
undull proJew^d Ihe uapoctaacc o[ this factor is suggested b} {fee 
long history of dvsphagia even though there may be long mlermissions 
Tlie mecliamsm of swallowing can be observed on pharyngoscopic 
examination or m cases of suicidal cut throat, and it is then seen 
that the upper orifice of the oesophagus relaxes onlv for a bncf 
interval after contraction of the detrusor muscles abov e it, and th'it when 
saliva or a bolus of food has been transmitted it closes at once Keith 
measured the pressure generated in the pharynx on deglutition and 
found it rose to a maximum of 45 mm of mercury , such intermittent 
pressure, if undulv sustamed, would doubtless produce stram at the 
point of obstruction In the production of a div erticulum it is believ ed 
that there is some degree of neuromuscular mcoordmation m the act 
of swallowing by which the cncopharyngeus muscle fails to relax in 
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normal sequence to the contraction of the pharjiigeal muscles abo\ e it 
(achalasia) and tint bj rejietition of intermittent impulses of high 
pressure, the least supported inn of the pharj nx (espcciallj if already 
sieakened in age) graduallj stretches Once formetl the hernial 
protrusion increases in size progressnelj bj the weight of its contents , 
the displacement forwards of the upper aperture of the oesophagus 
renders more difiicult the passage of foot! into the ocsojihagus and the 
propulsive force of the pltarjTix is expended in dilating the sac It is 
for this reason that no food enters the lesopliagus until the diverticulum 




is filled A plnrjngeal diverticulum has been observed m association 
with goitre, and the pressure exerted hj the enlarged thjroid either 
on the oesophagus or the recurrent larjngeal nerves has been held 
responsible A median diverticulum arising at the lower end of the 
pharjnx and protruding between the oesophagus and trachea has been 
described 

Anatomical Relations and Structure of the Diverticulum A 
pharyngeal diverticulum when small retains a partial covering ol 
muscle fibres acquired from the inferior constrictor ^\ith increase in 
size of the pouch the muscular coat becomes gradiiallj attenuated, 
until finallj muscle fibres ore present onl> at its neck The pouch is 
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usuiUj fl-isk sliapetl , m >er} fen instances the fiimUis is bifid 
The pouch descends behind the ccsopliagits, situated in the space 
between the pretracheal and preaertebral fasci'c, and, when large, the 
fundus may reach the superior mediastmum (see Fig 207) In some 
cases the diverticulum presses upon and leads to atrophj of tlie pos 
tenor wall of the cesophagus The direrticulum is usuall> mdmed to 
one or other side, generallj the left, and after a meal a spelling, which 
gurgles, maj be obvious in the posterior triangle of the neck. Tlie 
dragging effect of the diverticulum brings its mouth into the same 
axis as the pliarjTix and the entrance of the cesophagus appears as a 
narron aperture at the anterior border of the neck of the sac Tlie 
orifice of the dnerticulum is circular or elliptical Examination after 
an opaque meal demonstrates the sue of the pouch and how it must fill 
before food can enter the gullet 

The wall of the poucli \aries in thickness m different specimens 
It IS lined with squamous epitheliiun which ma> be smooth or rugose, 
and which maj undergo ulceration or hj perkeratosis A musculans 
mucos'e may or maj not be present The outer fibrous coat, wliicli 
makes up most of the thickness of the wall of the pouch is deni ed 
from the pharjTigeal aponeurosis This coat is separated from the 
submucosa by tlun areolar tissue, which roaj afford a plane of cleaiage 
in operating 

Stagnation of food and saliaa maj lead to ulceration of the ulterior 
of the diverticulum and maj cause perforation or abscess formation 
in the neck or meiliostmum Emaciation often ensues from the pro 
longed difficultj m swallon mg Aspiration pneumonia from regurgita- 
tion of the stagnant contents of the sac is not an infrequent cause of 
death Occosionallj a caremoma has taken origin inside a div erticulum 

Lateral Pharyngeal Diverticulum 

Tins variety of diverticulum is of developmental origin It is 
thin nailed and deeplj situated, and has usuallj a communication 
with the tonsillar or the pjTiform fossa and sometimes with the skin 
surface It is Imed by squamous epithelium Distension within its 
cav ity may lead to sev ere pressure effects 

LARYNGOCELE (Cervical Aerocele) 

This is an air containing sac which results from herniation of the 
mucous membrane of the larynx through a defect m the larjTigeal 
skeleton A similar condition is normally found in a high state of 
development in some of the higher apes 

Laryngocele may arise in c^dreo, but more often it occurs m adults 
as a result of chronic expiratorj obstruction It is seen in glass* 
blow ers, plaj ers of wind instruments, and sufferers from clironic cough 
Two types are recognized — internal and external larjmgocele 

Internal laryngocele results from dilatation of the “ saccus larjmgis ” 
at the anterior end of the ventncle of the larynx It presents a tense 
swelling above one vocal cord, and may cause djsphonia or 
or even djsphagia 
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External larjTigocele is due to protrusion of the mucous membrane 
througli the thyro h> oid membrane It gives rise to a painless swelling 
in the neck, which enlarges on forced respiration and empties ivith a 
gurgle either spontaneously or on pressure The cj st tends to increase 
m size gradually and may reach as far as the clavicle It may be 
bilateral 


CARCINOMA OF THE PHARYNX AND LARYNX 

In the pharj nx there are two common startmg points for cancer — 

(1) at the upper aperture of the larynx (epilaiyngeal growtlis) and 

(2) at the narrow or tubular part of the pharjmx behind the cncoid 
(hj popharyngeal groivths) The growths are ofthe nature of squamous 
cell carcinoma, in which cell nest formation usually is present Occa 
sionally a basal cell tjqie of growth occurs , and sometimes the tumour 
has an abundant lymphoid stroma (lympho epithelioma) 

Epilaryngeal Growths Epilaryngeal growths are commoner in men 
than in women and occur most often after the age of fifty years The 
growth generally takes the form of a raised ulcer , sometimes papillarj 
types occur, but less often than at other sites in the pbar^mx There 
are four common starting pomts for the growth (1) The epiglottis 
(2) The ar> epiglottic fold, t r , m the media! wall ofthe piriform recess 
(8) The Qoor of the piriform recess, and {4) The lateral wall of the 
piriform recess Growths of the epiglottis tend to spread to the valle 
cuLs and to invade the base of the tongue The epiglottis may be 
entirely destrojed Growths of the arj epiglottic fold may extend 
into the interior of the larynx and towards the lateral wall of the 
pharynx Growths on the floor of the pinform recess are situated most 
unfavounhl} , because gradual spread to the Inrvnx is of common 
occurrence In some instances the tumour m the pinform recess remams 
% er\ small and a large glandular metastasis appears below the angle of 
the mandible The swclhng in the neck may be explored and its primary 
origin o> erlookcd 

The effects produced bj epilarjngea! growths ore generally different 
from those at other sites in the pharj nx Ticklmg m the pharynx, the 
sensation that a foreign bodj is lodged there, and discomfort in swallow - 
mg saliva apart from food are usually the earliest caudenee, and pam 
and hoarseness are of later occurrence On iaryngoscopic examination 
tlic grow th can usunllj be seen and it is often co\ cred by rather tenacious 
exudate, which maj be blood stamed It is charactenstic that the 
exudate is not readily dislodged in making swallowing moicments 
The cartilages at the upper aperture of tlie larjmx tend to become fixed, 
and the surrounding mucous membmne is often cedematous and con- 
gested Ini olv ement of the cemcal Ij mph glands cannot on the w hole 
be regarded as either an earh or n conspicuous feature of cpiiarjmgeal 
growths with the exception of growths of the pinform recess 

Hypopharyngeal Grow ths (Post cricoid cancer ) Ilypopharj ngeal 
growths arc especially common in women and quite frcquentlv tlicy 
occur before fortj lears of age As emphasized by Logan Turner, 
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manj subjects "nho develop cancer at this site have for jears suITered 
from intermittent difficulty in swallowm^ of nervous origin 

The common starting pomts are the lateral or posterior walls of the 
lowest part of the pliarvnx. The growth generally takes the form of a 
shghth raised papillary excrescence of roughlv circular outline It 
tends to encircle the pharvnx and to extend to the laryngeal cartilages, 
especiallv upwards to the arvtenoids At a later stage extension to 



Fig “OS R^dio^ram of tbonx to a case of post-cncoid cancer la 3 man 
ag«d serents-cKie Tears Tbe trachea asd coalatB banum as 3 

malt of iTSUi^itatioo. Death doe to loDg delsTed septic broDcb> 
poenmooia. 

the thyroid gland is common “nie Ivmph glands in one or both 
posterior triangles mat be mvadet^ A growth situated at the junction 
of the pharvnx and cesophagos mav extend for a considerable distance 
down the gullet When that happens it may perforate the trachea and 
produce a fistula. 

Growths m the lowest part of the phan-nx are too distant to be 
seen b\ larjiigoscop c examination but suggestive signs are cedema and 
fixation of one of the aritenoid cartilages and stagnation of exudate. 
In the advanced stages it maj be impossible to state from what point 
the growth origmated It maj duplace the larjTix forwards, or may be 
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palpable in the neck From perforation, an abscess maj form in the 
neck or in the mediastmum A common cause of death is septic 
pneumoma as a result of regurgitation of food into the larynx owmg to 
obstruction at the entrance of the oesophagus (Tig 203) 

Intrinsic Carcmoma of the Larynx Intrinsic carcinoma of the 
larynx usually begins m one of the vocal folds , much less often in 
one of the ventricular folds and verj rarely m the subglottic region 
The usual site of origin is the anterior half of the -vocal fold at its 
free border, from svhich the tumour tends to spread forwards and to 
the opposite s ocal cord The grovvlh is usuallj of a wartj or cauhfiow er 
tj’pe and has the histological characters of a squamous cell carcmoma 
It js characteristic of intrinsic cancer of the larynx that it grows 
slowly, and many years may elapse before the larynx is extensively 
invaded Metastases occur in the glands around the carotid sheath 
Recurrence of disease in these glands is common after operation 

Intrinsic cancer of the larynx is rare before the age of fifty years, and 
IS more than ten times commoner m men than in women The chief 
effect of the growth is to lead to changes in the voice, but at a later 
stage it maj give rise to aphonia djspnoca and stridor and if neglected 
to death from hoemorrhage asphyxia or septic pneumonia 

SPASM AT THE ENTRANCE OF THE (ESOPHAGUS 

This IS a common cause of dysphagia Its underlying cause is 
spasm of the encopharyngeus part of the inferior constrictor muscle 
It occurs most often m neurotic subjects especially middle sged 
onjenuc women, and is generally of long duration before it comes under 
observation In rare cases the muscle is greatly hypertroplued 

The appearances noted at the lower part of the pharynx are fairly 
constant and characteristic Hie mucous membrane, instead of being 
disposed in stellate folds that separate readily, presents a drawn and 
irregular appearance The oesophageal orifice is small, often excentric, 
and may be slit like , it is readily fissured and, therefore, if a bougie 
is passed it must be done carefully Brown Kelly noted that anscsthesia 
did not bring about relaxation of the spasmodic contraction, but that 
dilatation effected relief 

In subjects of this disorder the mucous membrane of the mouth 
and pharynx generally imdergo changes The tongue is abnormally 
smooth from atrophy of its filiform papillTj and mSy show fissures or 
leukoplakia The cheeks and palate arc dry and ha\ e a waxy pallor 
Saliva is usually scanty but may be excessiv e 

In many instances fine epithelial webs develop in the lij’popharj nx 
and maj aggravate djsplagia 

Anarmia is often associated with this condition and recent observa 
tions suggest that relief may be gained bv full closes of iron and an 
adequate diet, provided obstructicmis overcome 

Nervous difficulty in swallowing, especially in women has preceded 
cancer of the pharjmx or the (esophagus in a large proportion of cases 
Possiblj the grow th arises ns a result of cliromc irritation caused hj the 
functional incoordination or the nutritional deficicnev 
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CONGENITAL ABNORNIAUTIES OF THE (ESOPHAGUS 

At about the third week of de^ elopmcnt of the embrj o the oesophagus 
IS represented merely bj an annular constnction between tlie pharjiix 
and the stomach, and it is onlj after elongation of the neck and the 
growth of the lung buds tliat it becomes tubular In the carlj stages of 
development the cephalad part of the cesophagus and the trachea 
form a single short canal, and later the two tubes become separated by 
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the ingrowth of a longitudinal septum from each side, which completes 
the partition The caudal part of the septum is the last to be 
completed 

As the cesophagus and trachea hare a common origin it is not sur- 
prising that sometimes fistulous clianneb pemst. Such congenital 
raaldevelopments are generalK mcompatible with hfe The com 
mumcation is commonest with the trachea at its bifurcation or with the 
right bronchus In some instances the cesophagus and trachea com 
mimicate at two pomts and a segment of the oesophagus is absent The 
other abnormal connexions of the cesophagus and trachea are depicted 
diagrammatieally mEig 2Q3 

Congenital maldeTclopment of the cesophagus itself is of more 
importance than tracheo-cESophageal fistuls because it is often com 
patible with life, and may be a cause of dysphagia m childhood The 
chief types are (1) congenital narrowmg of the whole cesopliagus, 
(2) congenital stenems of the upper or the lower end, (3) absence or 
narrowing of a segment, (4) an oedudmg diaphragm of mucous mem- 
brane, and (5) congenital shortening 

Congenital namznng of the cesophagus may be so extreme that the 
organ is represented merely by a fibrous cord, but m many instances the 
cesophagus is properly dei eloped, but in nuniature The recognition 
of congenital constriction of the cesophagus m infancy depends on the 
degree of obstruction Ifthe stenosis becomplete all food is regurgitated, 
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but m many cases narrowing causes no symptoms as long as the diet is 
fluid In a few cases a congenital web of mucous membrane has been 
recognized by oesophagoscopy and has been successfully perforated 

In congenital shortening (which is a comparative!} rare condition) 
the oesophagus ends about the le\el of the eighth thoncic %ertebra A 
portion of the stomach is therefore held suspended in the posterior 
mediastinum abo\e the hiatus m the diaphragm (thoracic stomach) 
The importance of this developmental abnormalit} is its simulation of 
paracesophageal hernia as well ns certain tv’pes of cardiospasm 

Ulceration of an mtractable kind IS particular!} liable too cur at the 
junction of the oesophagus and the stomach (see p 452) 

(Esophageal Diverbculum 

Div erticula of the oesophagus are rare and unimportant ns the} arc 
seldom discovered during life and rarcl} give rise to svmptoms 

It is customary to describe three v arieties ( 1 ) corigeni tal or dev elop 
menial (2) traction and (3) pulsion diverticulum 

(1) A small diverticulum may result from imperfect separation of 
the trachea and cesophagus It occurs usual!} in the anterior wall of 
the oesophagus about the bifurcation of the trachea and is firm]} 
incorporated with the membranous wall of the trachea The pouch is 
covered at its neck and sides bj muscle bundles derived from the 
oesophagus 

At or about the lev el of the bifurcation of the trachea developmental 
defects m the oesophageal musculature are common and through these 
small diverticula may emerge The muscular defects probabl} represent 
incomplete coalescence of the relatively thin striated muscle fibres of 
the upper part of the oesophagus with the stouter plain muscle of the 
lower part 

(2) A traction diverticulum is usually situated m the neighbour 
hood of the bifurcation of the trachea or where the left bronchus crosses 
the oesophagus, and usually owes its origin to adhesion of enlarged 
tuberculous glands to the wall of Ibe oesophagus Less often adhesion 
of the pleura or the pericardium to the trsophagus ma} be the cause 
The movements of respiration and deglutition exert a gradual dragging 
on the walls of the oesophagus so that finallv the} mav be drawn out 
m the form of a funnel or diverticulum Such a diverticulum is usual!} 
wide mouthed and of small size and more than one mn} be present 
As a traction diverticulum is wide mouthed and as the fundus is often 
situated at a higher level than its entrance food does not tend to 
stagnate Perforation h} a foreign bod} lodged within its cavit} has 
been recorded 

(3) Pulsion diverticula are very rare A variety known as ept 
phrenic sometimes occurs in the lower part of the cesophagus on the 
left side It consists of a protrusion of the mucous membrane through 
the longitudinal muscle fibres of the cesophagus The communication 
with the cesophagus ma} be ver} nimutc so that the pouch ma} become 
greatly distended with mucoid fluid 

Occasionally pouching and div erticulum formation occur immediately 
above an old standing fibrous stricture 

■ nil IS 



450 


DISEASES OF THE (ESOPHAGUS 


CARDIOSPASM ACHALASIA OF THE (ESOPHAGUS 
This condition is clinractenzcd bj dilatation and h\pertroplij of tiie 
oesophagus associated with a peculiar 
tjpe of obstruction at its lower end 
It affects women slightly more often 
than men, and it begins insidiously and 
progresses slowly or intermittentlj 
during man> years It is rate in child 
hood , it ^nerally occurs between the 
ages of twenty fi^ e and forty fii e 
years, but it may not be present till 
old age Sjmptoms sometimes appear 
for the first time after a debilitating 
illness 

The obstruction at the lower end of 
the oesophagus is usually associated 
with no obvious organic lesion and 
appears to be due to functional con 
striction It gives rue to diOlcuItj 
m swallowing at first slight and inter 
mittent, later severe and constant 
The obstructed oesophagus dilates, 
and foodstuffs and fluid, denied 
egress at the cardia, stagnate and fer- 
ment or else are regurgitated In the 
later stages the constant obstruction 
leads to starvation and emaciation 
Pathological Features In an ad 
vanced case the oesophagus IS lengtl cned 
by 3 cm or more, it is greatlj dilated 
and attains a circumference of eien 
15 cm Usually the dilatation is most 
obvious in the lower two thirds In 
fenorly, the dilatation usually readies 
oiilj to the diapliragm, superiorl) , in 
long standing cases it may extend as 
far «s (fie cemcaf portion or ei en (o 
mvohe the pharjiix The dilatation 
V ones in shape— elongated fusiform or 
flask shaped— or, if greatly lengthened, 
it may assume a sigmoid outline 

In addition, the oesophagus shows 
considerable muscular hj'pertrophj , 
the muscular coat bemg mcreased m 
thickness from the normal of about 1 5 
mm to as much as 4 mm or eien 
7 mm The hypertrophy, unlike that 
m simple stricture in which both 
sets of fibres pnrticipite equallj, is due usua1I> to overgrowth of 



Fig •’10 (Esopl agcvUisia t\olt 
the extreme dilatation of the 
oesophagus and the hypertrophy 
of the circular muscle The 
dilatation stops abruptly at the 
hiatus in the diaphragm 
(iriueum pf ftoval pf Sargrttu pf 

EdlnfrurjS ) 
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the circular muscle, but in exceptional cases only t!ie longitudinal 
fibres are affected. 

The mucous membrane, stretched and thinned, may undergo ^*arious 
secondary changes, sucli as inflammation and ulceration, and, as a 
result of chronic inflammatory changes, may later become thickened 
and form multiple polypoidal overgrowths. 

Particular interest attaches to the pathological changes in the lower 
end of the oesophagus, and m regard to these there are many conflicting 
observations. Most observers are agreed that there is, during life, undue 
narrowing of the oesophagus at the diaphragm, and that usually there 
IS no organic lesion to 
which the narrowing 
may be attributed. 

The muscle of the 
cesophageal wall, ex- 
cept in rare cases, is 
not hypertrophied at 
the point of narrowing 
compared with above, 
nor is there usually 
any fibrous stricture, 
and, indeed, in con- 
trast to the dilatation 
and hypertrophy 
higher up, tlie lower 
end of the oesophagus 
IS almost normal in 
appearance. In ad- 
> anced cases there is 
sometimes consider- 
able diffuse fibrosis 
which may lead to 
organic stenosis at the 
lower end of the Fic 211. Canliosp«sm ; it occunwl in a vroman 



oesophagus. Examin- 
ation during life by 
means of bougies or 


aged twenty-one years, and dyspliagia had been 
present since childhood. The (Esophagus is 
elongated and tortuous. 


the ccsoplin^scopc has yielded contradictory evidence, for whereas 


some obseivers have found tlic lower end of the oesophagus con- 
stricted and spastic, others maintain that it is opened and closed on 
respiration just as in the normal subject. MTien palpated by the finger 
during gastrotomy the lower end of the oesophagus feels somewhat 
tight and it j ields only gradually to dilatation. Radiographic examina- 
tion after the administration of opaque fluid shows that obstruction 
occurs within the diapliragmatic aperture, and that the stomach 
inuncdiatcly below is hcallliy. Sometimes from the weight of the 
containctl fluid the lower p-art of the ccsophagus sinks lielow the Ie\el 
of the a-sophageal opening m the dnpliragm, and then the conical outlet 
appears to lead from the side of the cesophagus a short distance from its 
lowest point. A residue of the opaque medium may be obsers-ed several 
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hours after its ingestion Intermittent -vigorous contractions of the 
tEsopliagus are obnous on fluoroscopic examination 

The Cause of the Disease Since Hannaj, in 1833, first described 
its principal features, there have been. maa> Mews as to its causation* 
and onlj recentlj has its atiologj been made more clear Former!} 
its origin was attributed to such factors fls congenital malformation, 
phrenospasm and spasmodic contraction of the hj'pothelial cardiac 
sphincter (cardiospasm) 

The Mew now held is that the dilatation and hypertroph} develop 
graduallv and are for a time a result mainl} of functional obstruction 
due to achalasia or lack of relaxation of the lower end of the oesophagus 
The cesophagus, like the remainder of the abmentary tract, is supplied 
bj sjTnpathelic and paras}'mpathelic fibres The sjTnpathetic fibres 
reach the lower end of the (esophagus rid the thoracic sj-mpatbetic 
chain, the splanchnic nen es, and the cceliac plexus (alongside the left 
gastric arterv ) the parasj-mpathetic fibres are from the vagi 

ULCERS IN THE CESOPHAGUS 

Ulceration of the mucous membrane of the oesophagus ma} result 
from the abrasion by a foreign body, careless instrumentation or burning 
b} corrosive fluids Following wasting diseases, so-called decubitus 
ulcers have been found at post mortem at the upper end of the ceso 
phagus 

Peptic Ulcer ^^ost interest is attached to peptic ulceration of the 
oesophagus which affects the loner third Tlie disease occurs chieflv 
m adults, but occasional!} develops in childhood In man} instances 
gastric or duodenal ulceration coexists 

Those nho hav e made a detailed studv of peptic ulceration find that 
the appearances and changes rarj according to its degree of aetmtv, 
its duration and the presence of secondarv pathological developments 
In man} there mav be onh ccsophagitis, in others there is a single ulcer 
or extensive denudation, and finallv the ulcer mav be chronic and mav 
culminate in fibrous stenosis The appearance of the ulcer is smular to 
that of peptic ulcer elsewhere perforation and hemorrhage are rare, 
but ma} be fatal 

In association with peptic ulcer of the oesophagus there are various 
associated pathological changes which mav have a bearing on its origin 
and ’behaviour Tlie (Esophagus is reduced m length and it is found that 
in the absence of stenosis an instrument passes the cardia mth unusual 
ease A trans-diaphragmatic herniation of the stomach of varying 
degree is present These features are so constant that Allison believes 
the} provide the ke} to the causation of ulceration at this site There is 
evadence that the diaphragmatic hiatus ma} at anv age become lax or 
bable to hernia (paraccsophageal hernia) In the commonest vanet} 
the cardia and a portion of stomach are drawn into the mediastinum 
partlv b} suction and to a less extent bv traction following prolonged 
(esophagitis As a result the normal check and release mecliamsm at the 
cardia is unpaired, the cardiac orifice becomes patulous, and allows 
reflux of acid into the cesophagus and creates local conditions favourable 
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for ulceration Tliese changes are readilj confirmed at operation 
although the oesophagus appears shortened and the stomach is partlj 
\n the mediastmum (pro\ ided there is no mflammatorj fixation) the 
stomach is rcadth drawn back info the abdomen 

Peptic ulcer of the cesophagus is not onij responsible for intractable 
d j spepsia but for d j-sphagia as ell Suigical treatment when requiretl 
in the absence of stenosis is directed to the repair of the diaphragmatic 
defect 


TUMOURS OF THE (ESOPHAGUS 

Simple tumours m the msophagus are rarities Those reported are 
submucous lipoma, fibroma and leiomjoma They raaj be sessile or 
pedunculated, and may assume considerable length The larger ones 
ms> cause obstruction of the oesophagus 

Cancer of the CBsophagus 

Carcmoma is much the most frequent cause of obstruction of the 
ccsophagus It is onl\ during recent jears that success on a 
considerable scale has follovrcd surgical treatment In a high proportion 
of cases the disease is adsanced when first recognized and has led to 
such depletion that the patient is ill fitted to bear the burden of an 
e\tensne thoracic operation 

Like cancer of the mouth, cancer of the oesophagus may owe its 
origin m some measure to chronic irritation Except m the cersical 
portion, where the sex ratio is about equal, the disease is much more 
common in men than women (5 1) , therefore, tobacco juice, alcohol, 
excessi\el} hot food, etc , have been held responsible for irritating the 
mucous membrane The disease is commonest after the age of fiftj . 
Leukoplakia of the oesophagus is common!} observed in old subjects, 
and its presence is often noted in the neighbourhood of a carcinoma, 
and, as in the tongue, it has been regarded os a precancerous condi* 
tion It cannot be claimed that sjqjbilis has any relationship either 
through its s}stcmic effects or bj producing an} local predisposition 
Statistics vary as to the frequency with which different parts of the 
oesophagus ma} be affected GrovvUis tend to appear with greatest 
frequenc} at those parts of the oesophagus that are subjected to nar 
rowing b} the arch of the aorta, the left bronchus, and the diaphragm 

ithout doubt the most common site is at the lev el of the arch of the 
aorta or just below it >est m frequenej is the lower part of the 
oesophagus, a few centimetres above the diaphragm, and that part 
maj also be inv olv ed bj carcinoma extending from the cardiac end of 
the stomach Pnmarj cancer m the cervical part is rare, but there 
may be extension from the pharjmx Dual growths liave been met 
with m the oraopbagus as m other parts of the ahmentarj canal. There 
is no evidence that the malignancy of carcinoma of the oesophagus 
vanes at different levels 

Types of Growth. Cancer of the oesophagus presents itself m two 
common forms (a) a flat ulcerating tj^ie of grovrth , (5) a polyTwidal 
or enuhflower tjpe Intermediate types are quite common In rare 
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cases an infiltrating scirrhous type that extends o\er a wide area of 
the gullet may occur 

Ihe majoritj of malignant growths of the cesophagus show the 
histological features of a squamous cell carcinoma, but keratiniznlion 
and cell nest formation are usually lackmg Sometimes a glandular 
tj^ie of carcmoma is found, and it is believed to origuiate ui the 
mucous glands although it has been suggested that heterotopic gastric 
mucosa or embrionic epithelium in the 
wall of the cesophagus may explam its 



Fig 212 Carcinoma of the 
distal part of the (eso- 
phagus 
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occurrence Casal (relJ carcinoma of un 
differentiated type is met with in a con 
sidcrablc number of cases but, unlike the 
common basal cell carcmoma of the skin, 
it IS alwa\s malignant 

Morbid Anatomy At first the disease 
IS confined to the mucous membrane and 
tntolves a limited area but by extension 
it gradually encircles the gullet It is 
stated that the lumen may be reduced to 
5 mm before d> sphagui occurs Longitu 
dmal spread is slight m the scirrhous type, 
though m the caulifiower type it may be 
considerable The ulcerating type causes 
local thickening of the asophageal wall 
and has nodular, raised and eierted edges 
of irregular outline The older ulcerated 
portion IS hollowed out and the wall of 
tlie oesophagus may be much reduced m 
thickness and thus lead to perforation 
Polypoidal groirtlis liaie a lobulated or 
Villous appearance, with a friable surface 
that ulcerates and bleeds readih and 
when inspected is generally coated with a 
blood stained fcetid discharge Such a 
tumour produces obstruction bv its bulk 
rather than by any changes effected in tlie 
Wall of the oesophagus 

The ccsophageal wall aboie a growth 
IS redder than usual from increased vas- 
cularity and appears relatively immobile 
and stiffened Patches of leukoplakia are 
Commonly noted in the neighbourhood of 
the tumour Hypertrophy of the muscle 
and dilatation of the lumen are rarely more 
than slight 

Mode of Spread Carcmoma of the 
(esophagus shows considerable v ariation m 


its rate of growth and dissemination In 
some the tumour may grow slowly durmg a period of a year or 
more without extending externallv and wnthout involvement of the 
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l>niph glands, whereas in others it may involve a considerable part of 
the cesophagus and rapidly imade surrounding structures, or gi\e rise 
to secondary deposits in Ijnnph glands or e\en distant parts Spread of 
the disease is mostlj bj direct extension and infiltration , when tiie 
muscular coat is penetrated local penoesophagitis occurs and fixes the 
cesophagus to the mediastinal structures, which maj later become 
in\ohed in the growth LjTnph aascular spread is fairlj common 
and IS present m at least 50% of cases at autopsj A growth in the 
ccra ical part of the oesophagus ma> cause enlargement of the 
ceiaical IjTnph glands 
on one or both sides In 
the thorax the medias 
tinal Ijmph glands 
may be ina oh ed , and 
the glands at the cardia 
maj be imohcd e\en 
though the tumour is 
m the midzone of the 
cesophagus In 
growths at the lowest 
part of the cesophagus 
the cceliac lymph 
glands ha^ e been found 
enlarged and there ma> 
be metastases m the 
li>cr Distant spread 
by the blood stream 
IS unusual , its occur 
rence lias been noted 
as a result of invasion 
of the thoracic duct or 
of the pulmonarj % ems 
Complications 
^fany secondarj com 
plications may ensue 
rrhea sn cs^fpiisgesi 
cancer spreads out 
wards or inindes ad 
jacent \iscera Acute 
perforation may occur, 
resulting in medias 
tinAis, and widespread 
subcutaneous emphj'sema Perforation is sometimes gradual and an 
abscess de\ elops Ini asion of the trachea or a bronchus is of rclatii ely 
frequent occurrence and leads to aspiration pneumonia Penetration of 
the Jung with resulting abscess or gangrene is n common terminal feature 
but iniasion of the pleural caiitj with resulting empjema is much 
less common In the neck and the upper part of the thorax one 
or other of the recurrent Ian ngcal nen cs maj lie mi oh ed in the growth 
The left recurrent none is of greater length than the nght and 



Fio S13 Rodsogram of an early carcinoma of the 
cesophagus The tumour was s tuated immediate^ 
below the arch of the aorta. 
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consequent!} is more frequent!} implicated Secondar} uiioUeraent 
of the th}’roid gland ma} result from a growth m the cer>ncal part of 
the ossopiiagus, and such an estensioo may be readil} mistaken for a 
pnmar} tumour of the thvroid gland 

Wien obstruction occurs there is progressne emaciation and 
delndration, sometimes u ith much tox-emia ^Mien the stomach is 
exposed at operation it is usua1!\ found to be smaller than normal from 
prolonged reduction in its actnitj 
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DISEASES OF THE STOMACH AND DUODENUM 

PHYSIOLOGY OF GASTRIC SECRETION AND MOTILITY 

The stomach has se% eral functions It acts as a mixing chamber for 
food, cools or warms it to the temperature of the body, renders it fluid 
for its passage along the intestine, and secretes pepsin and hydro- 
chloric acid for the first stage of protein digestion In addition, it 
produces an internal secretion concerned with hsmatopoiesis 

Gastric Secretion The acid secretion is produced bj oxjTitic cells 
in the simple tubular glands of the stomach wall, and, as Pavlo% showed 
manj jears ago, the acid is produced in greatest amount at the cardiac 
end of the stomach, whereas the secretion is neutral or even alkaline 
near the pylorus 

Pav lo\ s studies of the secretion of isolated gastric pouches m dogs 
indicates that the rate of flow and nciditj are influenced bj nervous 
and chemical factors The nervous stimulus, transmitted from the 
hjpothalamus ud the vagus nerves, is responsible for the “ appetite ” 
]uice and mav give rise to increased secretion in conditions of 
psj chological stress The chemical stimulus occurs when food enters 
the stomach and is believed to be due to a hormone “gastrin," 
elaborated in the pjloric region It is believed that both nervous and 
chemical stimuli e\ert their effect through the agency of histamine, 
which 18 known to act directlj on the parietal cells 

Tlie concentration of hjdrochlonc acid at the point of secretion is 
maintained at a constant level of about 0 -1% Aariations m acidity 
such as are seen on gastric analysis depend, on the one hand, on the 
volume secreted and on the other, on neutralization bj sahvo, food, 
mucus and the alkaline pyloric and duodenal juices 

In health, the acid level vanes at different ages, being low m 
childhood rising to a maximum m early adult life and thereafter 
gradualh declining Gastric achylia (histamine fast achlorhydria), is 
found occasionally m hcalthv young persons According to Vanzant 
its frequency increases with age, particularly in women, and it may be 
found in as laige a proportion as 28% in elderly women 

Gastric Motility The stomach is normally in a state of tone, the 
degree of which vanes greatly, and is naturally greater in sthenic tlian 
in V isccroptotic persons Tlic tone is interrupted at intervals by 
peristaltic waves which on the fluorescent screen, appear at nlxiut the 
mid point of the stomach and pass thence to the py lorus The 
discharge of gastric contents begins soon after the meal reaches the 
stomach and should be completed in from three to five hours 

Wlicn the gastric motility js studied by means of a swallowed 
balloon registering through a tambour on to a kymograph drum. 
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long periods though demonstrably not healed This may be due to the 
protection of tlie exposed nerve fibres b> insensitive granulation tissue 
or adherent mucus In such a phase even the administration of 
lijdrochloric acid m considerable amount may fail to chcit pain 

PEPTIC ULCER 

Peptic ulcers may develop on any portion of the alimentary tract 
exposed to the action of the gastric juice The great majority occur in 
the stomach and duodenum, and such gastric and duodenal ulcers will 
be descnbed in detail in this chapter It will not be out of place to 
mention, however, that peptic ulcers of similar type occur also in the 
distal portion of the oesophagus {see p 452), m the jejunum after the 
performance of gastro jejunostomy {see p 469), and rarely in other 
parts of the small intestines {see p 502) 

Acute Ulcer 

It seems possible that all ulcers are at first acute Acute ulcers maj 
be single, but they are often multiple, and may occur in any part of the 
stomach or the duodenum They arise from a variety of causes, and are 
common in the later phases of many acute infectn c and toxic conditions 
The duodenal ulceration that follows extensive bums belongs to this 
category Acute ulcers are round or oval, and at first they are mere 
erosions of the mucous membrane If they extend they penetrate the 
deeper coats of the wall by progressive sloughing, which diminishes in 
extent as the ulcer deepens and gives the ulcer a characteristic terraced 
appearance Acute ulcers are apt to erode arterioles, and to cause 
htemorrhage Less commonly they penetrate all the coats and perforate 
suddenly into the general pentoneal cavity Microscopically, there is 
often a striking absence of inflammatory change, and opart from some 
cedema the surrounding wall may show little deviation from the normal 

The great majority of acute ulcers undoubtedly heal rapidly within 
a few Weeks of their onset and do not recur Only relatively few persist, 
but this small proportion of chronic ulcers forms the bulk of those seen 
by the surgeon 

Chrome Ulcer 

Chronic ulcers show a remarkable tendency to be restricted to 
certain very limited regions m the stomach and duodenum In the 
stomach the “ ulcer bearing area ” includes the smaller curvature and 
the adjacent anterior and posterior surfaces, from the oesophageal 
orifice to about 1 J inches from the pj lorus , m the duodenum the area 
affected is ^ to 1 inch from the pylorus It has been estimated that 90% 
of chronic ulcers arc found m these situations The pylorus itself is but 
uncommonly the site of ulceration (5% to 10%), and the great majority 
of so called pjloric ulcers arc actually situated in the duodenum The 
greater curvature, fundus and cardia are onij very rarely affected 

Two or more chronic ulcers frequently coexist ** Kissing ” 
duodenal ulcers are common, and coincident gastric and duoifenal 
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ulreis are sometimes found, Faihiie to recognize such a coincideat 
ulcer accounts for some of the unsatisfactoTy results of operalKO* 



Fig. S14, Sst« of r*ptie olcentSoa. Ttie charted portioBS iadkate tbe 
*itea of Uie prat majoritr of prptie nktis- 


Frtqooacy and Inddcnca, Peptic ulcer is a tonunoa disease ia 
Great Britain, North America, Bnrope and certain parts of India. 



Pic. sis. I>aod«cal oJeers, Two oJeen, eharsrteristicaST saall sod 
mnded, «re sitoated ce Uk anterior »ad posterior wan'respeetjTriT, 
sboot J ran. beyond llw pyJwas. ITie saterror nicer has fisforatei 

Elsetebeie hequency is less, nrUfc in some countries, notably China 
and Africa, it is said to be rare. 

Peptic ulcer has not always been so common. There is a good deal 
of evidence, gathered mainly from statistics relating to perforation, to 
surest that it was comparatirdr rare daring the nineteenth century. 
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w hile as regard the recent past, both hospital records and the experience 
of Arm} Recruitment Boards show that there has been an imposing 
increase in incidence between 1914 and the present daj 

Peptic ulcer is rare in childhood and adolescence and is most common 
in early adult life, though it maj de\cIop e\en in old age 

In most countries, duodenal ulcer is much commoner than gastric 
ulcer, while each Aarietj — though especially duodenal — is commoner 
in men than m women Thus, m a scries of patients attending the 
Western Infirmary, Glasgow, duodenal ulcer outnumbered gastric by 8 
to 1 Among duodenal ulcers there were 4 men to 1 woman , among 
gastric ulcers 2 men to 1 woman 

Morbid Anatomy Duodenal ulcers are roimd or oval Gastric 
ulcers, at first round, may spread from the smaller cun ature, to assume 
a saddle shape, and may reach large size The ulcer is surrounded by 
smooth mucosa which approaches or overhangs the crater The 
excavation has a regular, sharply defined edge, and its walls are v ertical, 



Fio 210 Chrome gastric ulcer, situated near the smaller curvature of 
the stomach and invading the pancreas Note the flbrosis and in 
drawing of the surrounding mucous ntcmbranc (After Cruvcilhier) 

extending steeply to the fioor of the ulcer, so that often there is a 
typically “ punched out ” appearance It is important to recognize 
that almost inv anably there is a complete breach of the muscle coat, 
no trace of vtIucIi is recognizable m the floor of the ulcer Tlie ulcer 
extends most frequently to the subscrous layer, which is fibrous 
cedematous and thichened Mlicn the viscus is exposed at operation 
the only v isiblc indication of the ulcer may be this thickened suhserosa 
stippled with numerous capillary vessels In other cases, the external 
signs of an ulcer arc more obvious , the peritoneum is puckered and 
scarred, cedematous tags of omentum cover it, and there may be 
adhesion to other organs 

IMicn the ulcer is spreading, small sloughs extend beyond the 
margins of the crater, satellite acute ulcers appear m the neighbouring 
mucosa, and, in addition, a v ary mg degree of catarrhal inflammation is 
present 

’Microscopically, the floor nnd miiBins ol the ulcer shou the chanoes 
cliamctcristic of a chronic innamraatorj process The crater is lined bv 
necrotic material, and this is surrounded by dense fibrous tissue coh 
tainfaB areas of lymphocytic or polymorph infiltration Often thers i 
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8 considerable degree of endartente obbterans, and UiB k of inpotlance 
m tbe teadeicv to excessive hemorrhage Newxomb has 

drawn attention to another feature charactenstic of chron*e ulcers 
naruelv, that the moscle fibres at the edge of the ulcer are spread o-t 
fanwrue and even^uallv approximate to and fuse with the fib’es of the 
niu«culan» nnicos® At the margin of the ulcer the epitheham is 
disto^ed bv the fibrous tissue and the tubules of th* mucosa are 
dilated and irregular m shape , this ts a point of some importance, for 
the distortion and nr^ulantv mav simulate cancer 

iEtwlogj of Peptic Ulcer 

^mce peptic ulcer occurs onlv m those parts of the ahmtntars tract 
to which the gastric juice access, it is clear that the immediate cause 
of th^ ulcer is erosion bv peptic digestion. The normal mucous mem 
brase i> nnmune to such digestion tt follows, therefoT that the 
foToalron of an iile» mav result either from loss of this protective 
immunitv or from augmentation of the digestive activitv of the juiee 

It has been suggested that the mucous membrane is devitaLzed as 
a resul* of thrombosis m one of the end arteres of the stomach wall 
(Virchow) o' of infeetton (Rosenow) but of this there li little evidence 
The frequent association of hvpetchJoHbivdna with duodenal ulcer 
tend* to support th<* new that increase m the digestive actmtv of the 
ju.ee is an importaot fretor but it must be recognized that m something 
hbe “0*^ of doodenal ulcers and in the majontv of gastre ulcers the 
scnlitT 18 within DO'msI limits 

Reeest ob^ervabons emphasize the importance of a constitutional 
p*edispo8iUoa to ulcer A faimlial lendeoev is evident in over 10% of 
eases and ts sometimes vetv striking Ihaper has drawn a^ention to a 
special anthropometric tvpe which he beberes to be associated with the 
pTd-spositKjn to ulcer, a tvpe characterized bv a particular fw-tl 
confoTmatxm — a long uanow tice wilbdeeplv etched naso-lab.al folds — 
and hv certam special features of eranial shape 

Endence of p-edispositioa ts to be found abo in the nervous 
constitution temperament of ulcer patients, who commonlv are of 
the tvpe described as vagotonic — lean, energetic restless, o\er 
corscientioas This tendenev is mos* marked meases of duodenal ulcer 

The kev to th.s rriabonship bes m the innervation of the stomacn. 
Beth aad OTnyaAi-efeit take part, taai tbeu eSccts 

are bv no means cle^ or distinct, it mai be s-tid m general terms 
that the actxin of the vagus is both motor and 5eaeto'^ while that 
of the svmpatheti" is mhlbitorv Thus a p’^wndwance of vagus 
stimulatson leads to inc*eased motOits with spasm, and to increased 
secretion with hi-penhjoihrdna. 

It ts known mo’eoro' that the vagus ceitre m the bvpothalamas 
!•» affected markedly bv stnnulabon from the highe- centres In conse- 
quence Ih- stomach ts verv sensitive to psvchic and emotional mfiueices. 
Pavlov s expenmenls on dogs submitted to sham feedmg showed how 
the me^ sight of food stimulated the seerctron of gastric juice , whD«- 
receotlv Wolf and olff bv observations on a with a gastnc 
fistula, have shown that not onlv the secretion bu*’ also th* motilitv 
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and vascularity of the stomach are influenced by nervous stresses 
Indeed, it may be said that the stomach is the mirror of emotions > it 
may blush with shame or grow pale with rage, nrithe m anger or stiffen 
v\ ith fear 

Any theorv regarding the setiology of ulcer must take into account 
the remarkable increase in frequencj during the past fift> >ears This 
clearly cannot be attributed to our constitution or temperament, which 
remains unchanged through the centuries, but must be due to some 
alteration in our environment or our reaction to that environment 
According to many v\Titers the increase in ** wear and tear ” of life in 
this age of rush and hurry is the factor responsible, >et it must be 
remembered that ulcer is no less common m the Indian coolie than the 
Wall Street financier Another factor which has received less attention 
than it desert cs is our dietary which has undergone manj fundamental 
changes during the past half centurj McCamson has provided 
experimental evidence to suggest that m India a vitamin deficiency is 
at fault, and it may well be that m Western countries some positive 
dietetic factor will prove responsible 

The present localization of chronic ulcers to the “ ulcer bearing sites ’ 
IS probably determined by trauma T^e lesser curvature and adjacent 
surfaces of the stomach constitute the principal food route or 
“ magenstrasse ” -along which passes the great bulk of food entering the 
stomach, and this area is consequently subject to more than its share 
of wear or tear Similarly, the duodenal ulcer bearing areas are situated 
just where the wall is exposed to the full force of the Inglil} acid chyme 
expelled through the pylorus 

Course, Complications and Sequels of Ulceration 
A remarkable characteristic of chronic ulcers is the periodicity of 
the clinical features, phases of complete freedom from symptoms 
alternating with phases of discomfort It is dilTicult to believe that the 
free intervals indicate temporary healing of the ulcer, but rather it 
would seem that they represent phases of quiescence True licahng of 
an ulcer of any considerable size can probably not be achiev cd under 
the most favourable circumstances in less than several weeks, and if 
tfvtfCTrsePu inAkxnms- imr pxvstarit tAv penwi’ rvapiYrcc? mwxit Air ibngcr aafnV 
Hffimatemesis and Metena Tlic occurrence of bleeding, in the 
form of a slow ooze from the raw surface, is v cry common, especially 
when the ulcer is in an active spreading phase, and the examination of 
the faices for occult blood is an important part of the clinical investiga- 
tion More copious hasmorrhage occurs less commonly, giving rise to 
obvious melaina or to haimatemesis, and may be so severe ns to prove 
fatal Accortling to Uulmer, more than 10% of cases admitted to 
hospital on account of hxmatemesis prove fatal 

Iliemorrliage may occur in either acute or chronic ulceration In 
Bulmer’s 678 cases there were 257 acute and 821 chronic The more 
sev ere types of haimorrhnge arc the result of chronic ulceration more 
often than acute, for the reason that the indurated fibrous tissue at the 
base of a chronic ulcer tends to prevent retraction of the bleeding 
vessel It IS important to note, however, that severe and even fata! 
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hemorrhage maj take place froni an ulcer so small as to elude careful 
search This is a point of importance when the question of operatne 
treatment is being considered 

Hiemorrhage from an ulcer is occasionally so profuse as to cause 
death within a few hours This is most likely to occur when a hrge 
vessel a major branch or even the mam stem of one of the arteries 
supplying the stomach, is eroded Jfore commonly, however, death 
occurs as a result of contmued or recurrent but less profuse bleeding 
The haemorrhage may not have been copious initially, but is contmued 
or recurs during se\ eral days or even a few weeks In cases of repeated 
severe hamatemesis, the mortality rate is over 50% (Davies and 
Ivevin) In such cases, if the bleeding is not too profuse, the red cell 
count may be maintained at a moderately high lev el by mobilization 
of the red cells held in reserve m the bone marrow and spleen, and by 
rapid production of new red cells The hiemoglobm, howev er, cannot 
be restored so rapidly , and the hsemoglobm content of the blood falls 
to 20% or even lower This impairs the transport of oxygen, leads to 
tissue anoviemia, and finally brings about a reduction of the alkali 
reserv e (acidosis) 

Acute perforation Acute pcrfotation of a peptic ulcer is now a 
common complication It has not always been so Until the close of 
the nineteenth century it was rare but since then its frequency has 
increased progressively Thus in Glasgow bctvieen 1D84 and 1944 
the disease has more than doubled in frequency Moreover there 
bos been a curious change in incidence In the mneteenth century 
most perforations were gastnc perforations and the majontv effected 
women esiweially girls aged from eighteen to twenty eight years Now 
duodenal perforations greatly exceed gastnc (in tbt proportion of nearly 
seven to one) men are affected far more often than women (again 
nearly twenty to one) and the curve of age incidence is flatter, writh 
most cases occurrmg between twenty five and fortv five years A 
perforated gastric ulcer is considerably more dangerous than a perforated 
duodenal ulcer, for the perforation is generally of larger size and the 
peritoneal cavnty is flooded by large amounts of the highly irritating 
and sometimes infected gastnc contents, whereas a duodenal perforation 
IS usually small and such fluid as escapes is less untating 

Analysis of a large series of perforated ulcer has brought to light 
<s*hRj; fiiAwins. -wgavi \Vit 'oK^Ktxt tfi Vfft 

disease It has been shown that in Glasgow perforation occurs much 
less commonly m the months of August, September and October than 
at other times of the vear it occurs less commonly on Sundays and 
Mondavs thm on other days of the vceek, and it occurs less commonh 
during the night tlian during the day During the day few perforations 
occur during the morning hours and in the afternoon tlie frequenev 
gradually increases to a maximum between the hours of 5 n m and 
Gpm 

It seems probable that the clue to all these strange cy cles of incidence 
may be found in the healmg effect of rest and freedom from strain — 
the annual holiday the week-end rest the nights repose — which 
transitorily slow down the activity ofthe ulcer and staveoff perforation 
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A perforated ulcer may be an acute;.onc of recent onset, but it is far 
more often chronic, as indicated by the clinical historj' and the naked- 
eje character of the ulcer. In about 10% of cases the most careful 
questioning fails to elicit a previous history of indigestion. In rare 
cases a patient may suffer tno, three or even five perforations, either 
of the same, or of consecutive ulcers. 

Perforation of an ulcer is due to sloughing of an unsupported portion 
of its floor, probably due in most cases to interference with its blood 
supply. Often the perforation is of large size, half a centimetre or even 
larger, rounded or oval and with a smooth, indurated margin. Less 
frequently the perforation is so small as to be classed as a “ leak.” 
Such a leaking ulcer is most commonly situated in the anterior wall of 
the duodenum. It permits the escape of a littfe fluid, which gravitates 
towards the right iliac fossa and may give rise to pain in that area. 



(i/uttam ofRa^l C«Oet4o/S>irstmto/E4inirrfh } 

A leaking ulcer may become occluded by omental adhesion and remain 
healed, but more often it enlarges gradually and assumes the character 
of a complete perforation. 

The peritonitis resulting from perforation of a peptic ulcer is at 
first often non-infective, and is due to the irritant action of the gastric 
or duodenal fluids. The peritoneal exudate may be sterile m nearly 
70% of cases (Deaver and Pfeiffer). Owing to reflex inhibition of the 
secretion of acid gastric juice, however, organisms swallowed m the 
sah\a or already present in the stomach proliferate rapidly, and in the 
later stages the peritonitis is predominantly infective in tj^pc. 

Penetration. Ulcers on the posterior wall of the stomach or duo- 
denum rarely perforate acutely, but ratlier tend to penetrate adjacent 
\ isccra that ha^ e become fixed to the stomach or duodenum by adhe- 
sions. The pancreas is the >iscus most frequently penetrated, and tlie 
ulcer may extend deeply into its substance. In the neighbourhood of the 
ulcer the pancreas undergoes chronic inflammatoiy* cimnges, but it is 
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^ihich IS due partJ^ to the dehydration and pirtlj to lossof Iijdrochloric 
acid 

Hour-glass Deformity. The great majority of examples of this 
deformity are the results of chronic gastric ulceration, but a few arise 


( 1 ) 


(3) 


lie 219 U/ffT and Canctr of the Stomach (1) Clironic peptic ulcer 
The deep crater has penetrated the muscle coat, and Its floor is com. 
posed of thickened flhrous subscroin coat Note the larjic blood 
\cssels embedded in tibrons tissue ( 2 ) Ulccr.cancer Malignant 
change in a preexisting peptic ulcer Epithelium from the mucous 
membrane at the edgeoftbeerafer IS proliferating and apreadinfideop]} 

(3) Ulcerating cancer of the stomach The crater is raised alioxe 
the level of the mucous membrane Its floor is composed of necrotic 
tumour tissue 

from malignant disease, or from pengastne adhesions Exceptionally 
the defonnity is congenital Women are affected in more than 90% 
of cases The contracture usually follows intramural fibrosis around 
an ulcer. It is usually situated nearer to the pylorus than to the 
fundus, and consequently the proximal sac is usuallv the greater. If 
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the contracttire is at a higher point the upper sac in3\ be entire!' con 
cea!ed by the rib margin and mar thus be orerlooLcd daring operation 
The fibrosis has the effwl of appronmating the greater cur% ature at 
the affected point to the smaller curvature, and thus the orifice between 
the two sacs is never at the lowest pomt of the upper sac This is dear!' 
seen m radiograms, m which the opaque meal gives a “ water-spout *’ 
or “ tea pot ’* appearance \ot in&equentlv the nicer heals, leaving a 
thm fibrous nng encirclmg the onficc In other cases an active ulcer 
may remam, surrounded bv a large inflammatorv mass and adherent 
to adjacent structures Quite eommonlv the hour-glass deformits is 
accompanied bv pvlonc stenosis — hence the lower sac mav likewise 
become greatlv dilated 

Malignant Change in a Chrome Ulcer. This change, the so-called 



lejttrUtftfJlr J 3i Craint,) 

carcinoma er uleere or ulcer-cancer, may follow gaslnc ulcer but nes er 
duodenal ulcer 

It IS important at once to distinguish clearlv a caremoma ex uleere 
from a pnman carcinoma in which secondary ulceration has taken 
place The distinction is best made b\ cutting across the ulcer A 
pnmarv peptic uloer of ans consvlecahlii size has. Qoa 
feature, namely, that it penetrates the muscular coal of the stomach 
and erodes a large circular gap in »t. A pnmaty caicmoraa, on the 
other hand though it penetrates and invades the musde, does not 
destro' it entirelv, and traces of muscular fibres ma% be reco'mized 
in its substance to quite a late stage (ere Fig 219) 

Fre^ueTtey of Jlalfgnani Change The frequence of mahgnant 
change m ^stne ulcer is a subject which m recent years has been 
much debated It is obvjouslv important from the therapeutic stand 
point, for an ulcer that might otherwise be considered suitable for 
medical treatment cannot justiGablv be dealt with medicalK if it is 
tikelv to become malignant, and the same consideration obtams m the 
choice of corjervative as opposed to radical surgical methods 
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The estmiates formed by different observers of the freqitencj of 
ulcer-cancer show wide variations, according to the criteria upon 
•nhich the diagnosis is based The problem may be approached from 
the pathological standpoint, either by evammmg peptic ulcers for 
evidence of malignancy or by examming carcinoma for evidence of 
old ulceration , it may be approached from the clinical standpomt by 
examming case histones and “ follow up ” records 

(1) A large proportion of chronic peptic ulcers contain near their 
margins small groups of atypical epithelial cells arranged in clumps or 
irregular tubules Some pathologists have regarded these cells as 
evidence of early malignancy and have formed a high estimate of the 
frequency of ulcer cancer Others, howe\er, look upon such atypical 
appearances as due to simple hyperplasia or to distortion by fibrosis, 
and their estimate is correspondingly mu^ lower 

(2) 'When gastric carcinomata are exammed the difficulty is to 
assess the evidence of pre existmg simple chronic ulcer Accordmg to 
Newcomb, there are three histological entena upon which this diagnosis 
can be based (a) a complete gap in the\^luscle tissue of the stomach, 
(6) old standing flbrosis m the base of the ulcer, (c) approximation or 
fusion of the muscuians mucosse and the mam muscle layer at the 
margin of the ulcer Applying these criteria to 200 specimens of ulcer 
or carcinoma, Newcomb found six cases m which there was definite 
evidence of carcinoma onginatmg m a simple ulcer 

(3) On the clinical side, the history of chronic dyspepsia m a case 
of gastric carcinoma is strong presumptue evidence that the growth 
has origmated in an ulcer Investigations from this standpomt have, 
however, giv en widely varymg results 

More reliable figures maybe obtained by following up the after history 
of patients known to have a chronic ulcer Tins has been done by 
Balfour, in cases subjected to the therapeutic test of conservative 
surgery In his series of 1,280 cases, mainly treated by simple gastro- 
jejunostomy, less than 6% eventually developed carcinoma of the 
stomach Even m these cases, moreover, proof was lacking that tlie 
growth origmated in the ulcerated portion of the stomach 

Since the observations of competent workers show such wide 
variations, it is difficult to form an accurate estimate of the frequency 
of ulcer cancer It is probably true, however, to say that most autho* 
Titles believe that not more than C% of clironic ulcers become malignant, 
and not more than 10% to 15% of gastne carcinomata anse from chronic 
ulcers 


Gastrojejunal and Jejunal Ulcer 

Ulcers at or neat the stoma constitute a particularly disturbing 
and troublesome complication of operations for peptic ulcer, and they 
are largelj responsible for the dissatisfaction which, rightly or wrongly, 
has been felt in recent j ears m regard to this type of surgery 

Anastomotic ulcers occur nearly always m males, and ns a com- 
plication of operations for duodenal ulcer They are rare following 
operations for gastric ulcer, and almost unknown in cases of gastne 
carcinoma 
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The £requenc\ of anastomotic ulceration has been the subject of 
much controTCTS\ It has been canons!} estimated as occurring after 
1% or as many as 15% of gastncopeiations The most reliable statistics 
are those of IValton who follow^ up every one of 1 8o9 gastric and 
duodenal cases operated upon by himself In this senes gastrojejunal 
ulcer developed thirtj tunes an incidence of 1 6% In twent\ nine 
cases the pnmarv operation was for duodenal ulcer in the remaining 
case it was for gastnc ulcer 

The tvpe of pnman operation roost IiLelv to be followed by ulcera 
tion at the anastomosis is gastrojejimostomv, but gastrectomj and the 
various tvpes of gastroduodenostomy are not immune In Walton s 



senes gastrojejunal ulcer occurred in S 2% of tl e cases subjected to 
gastrojejunostomj and in 0 43% of those subjected to partial gastrec 
tom> It IS generalli thought that antenor gastrojejunostom> is 
more liable to this complication than the posterior operation although 
this view IS not borne out bj alton s mi estigation 

Secondan ulceration is most liLelj to arise m the presence of that 
most important factor, an mcreased aciditi of the gastnc juice The 
importance of this is demonstrated by the fact that m spite of the 
added neutralization afforded by the anastomosis 70*o of cases of gastro- 
jejunal ulcer show persistent hvperchlorhvdria lor t h i s reason a 
patient with much hi'percUorln dna being particular!} liable to 
seconder} ulceration should not be submitted to gastrojcjunoslom} 
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There is some evidence to surest tliat the hyperchlorhydria is a con 
genital, and perhaps a familial disorder It is noteworthy that some 
patients are particularly prone to develop anastomotic ulcers, whate\ er 
the type of operation performed They may de\ elop new ulcers succes- 
si\ ely after repeated operative interference 

Formerly it w as usual to attribute an important r6le in the formation 
of anastomotic ulceis to local agents resulting directly from the operati\ e 
procedure, eg , torsion or other malposition of the jejunal loop, clamp 
trauma, the occurrence of a haunaloma at the suture line, or the irritation 
of an unabsorbable silk thread Some of these possibly play a part in a 
few cases, but their importance is undoubtedly much less than was at 
one time thought Other predisposing factors include those which ha\ e 
been mentioned in connexion with the leliology of peptic ulcer m 
general, namelj , mfecti% e foci, tobacco, highly acid foods, irritant foods 
and irregular meals 

Gastrojejunal or jejunal ulcers may occur at almost any period 
after operation, from a few eeks to several years In a large proportion 
of patients m whom this complication develops it is possible to obtam 
a history of pain m the immediate post-operative period, and it seems 
likely that the great majority of ulcers originate then — a point which 
emphasizes the need for careful post operate e diet and alkali treatment 
Ulcers that first give rise to symptoms later than four jears after 
operation are uncommon, although there are cases on record m which 
the symptoms appeared as late as fourteen years after the original 
operation 

The ulcer may be situated either near the anastomosis, at its margins 
or m the jejunum at some distance from the opening The majority 
abut on the line of anastomosis, either on its gastric or jejunal side and 
the suture line forms one margin to the ulcer According to Walton, 
jejunal ulcers remote from the anastomosis are exceptional When thej 
occur they are situated m the jejunum directly opposite, or a few 
centimetres down the efferent loop, but \ery seldom in the afferent 
loop, owing to the alkalinity of its contents In its life history the 
ulcer resembles a chronic gastric or duodenal ulcer, and is equally apt to 
bleed and to perforate into the general pentoneal cavity It possesses 
a somewhat distinctne feature, however, in a special tendency to 
adhere to neighbouring structures, especially the mesocolon, and to 
form a large inflammatory mass round a relatively small crater The 
ulcer is moreover apt to implicate adjacent viscera, particularly the 
colon, and eventually to perforate into it, with the formation of a fistula 
The fistula may be between the stomach and the colon — gcutro-colic 
fistula, between the anastomosis and the colon — gastrO'jtjunocoUc 
fistula . or between the jejunum and the colon — ^ejuno colic fistula 
Ihe development of a fistulous communication by permitting reflux 
of colon contents into the jejenum gives rise to enteritis, with diar 
rhcca dehy dration, and in some cases severe malnutrition Heflux of 
colon contents into the stomach may lead to foul eructations and frcal 
vomiting It IS noteworthy that when the fistula is well established 
pain may be lessened or disappear as there is a tendency for the ulcer 
to heal 
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Pathological Complications of Operations for Ulcer 

The operation of gastrojejuoostomj , so uniformlj successful for the 
relief of severe pjlonc stenosis was bj contrast liable to a TOnetj of 
complications when performed m cases of peptic ulcer without stenosis 
Some of these complications supervened earlj after operation, and 
nere then usualh due to technical errors in its performance The\ 
included obstruction at the anastomosis due to such sarious causes as 
torsion or angulation of the jejunum hemiatjon of small mtestine 
behmd the anastomosis or through the openmg m the transserse 
mesocolon and retrograde intussusception of small intestine through 
the stoma into the stomach 

Other complications of gastrojejunoslom} occur at a later stage 
after the operation Of these, b\ far the most important was stomal or 
jejimal or anastomotic ulcer, with its sequel gastrojejunocolie fistula 
The^ have alreadj been discussed {tee p 469) 

Partial Gasirertomy is also bable to complications and its use as 
a routme method of treatment for peptic ulcer is as s et too recent to 
compare their frequencs with those following the older operation of 
gastrojejunostoms 

I<eakage from the duodenal stump is one of the most dangerous of 
the earh complications The duodenum is thin walled onlj partlj 
enclosed m peritoneum and commonU fixed b\ dense scarring to the 
head of the pancreas and other neighbouring tissues and in 
consequence its secure closure b\ sutures ma\ be technicalls dilTicult 
ProbabU also distension of the duodenum due to temporan hold up 
in the proximal jejunum spasm or ccdenia at the stoma predisposes 
to leakage at the duodenal stump Once the leakage has occurred, 
the enzs-me actittti of the copious duodenal juices maintains the 
leakage and presents natural closure In some such cases the free 
chemical peritonitis which results quickh brmgs about a fatal issue 
in others the leaking content finds its wa\ to the surface and leads to 
the establishment of a duodenal fistula wjth its attendant complications 
of dehsdration demineralization and skin digestion 

The post prandial tyndrome is a not infrequent complication of 
gastrectoms particularU when performed for duodenal ulcer It 
appears within a few weeks after the operation and ma\ persist for 

se^e^al months The ss-mptoms deselop a short time after meals 

sometimes during the meal — and arc characterized bs nausea 
epigastric distension sweating and a feeling of great weakness 
necessitating rccumbcm In sesere cases the sj-mptoms persist 
for an hour or so and then terminate abruplh after the aomitin" of a 
considerable quantiU of bile 

Tins post prandial ssTidrome lias been attributed to hsTroghcsemia 
In some respects indeed it doe. resemble h>T»gh tremic attacks induced 
for example b\ an o\ erdose of insulin ’Moreos er, it is established that 
after gastrectoms owing to rapid passage of carbohs drate foods into the 
absorption area of the jejunum there commonlj occurs a rapid rise 
m the blood sugar foUowetl bs a steep fall to a level below nonnal 
Two pieces of cv idence however appear to show that hvpogljcxmia is 
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not the true explanation of the post prandial sjudrome Firstly, 
jf the blood sugar is estimated at frequent inters als after a meal, it is 
clear that the symptoms commonlj de\elop before the hypogljcfemic 
phase, indeed thej commonlj de'velop before the hypergljcajmic phase 
and often are terminated before the blood sugar has fallen to below the 
norm'll le^ el Secondly, the symptoms bear no relation to the 
carbohydrate content of the meal , they may occur after a meal rich 
in protein or fat and may fail to occur after ingestion of pure sugar 
Generally the bulk, of the meal is of more significance than its 
composition This indicates that the syndrome is of reflex character, 
due perhaps to distension of the small remaining pouch of stomach, 
or perhaps to “ dumping ’ in the jejunum In some cases it may be 
due to obstruction to, and dilatation of the duodenum as the o\ er filled 
stomach displaces and compresses the afferent opening of the stoma 
This IS suggested by the common experience that relief from the 
symptoms coincides with the vomiting of a large amount of bile, which 
presumably has just been released from the obstructed duodenum 


CARCINOMA OF THE STOMACH 

This IS one of the commonest of new growths in man, and from its 
malignancy, its insidiousness of onset, and its deep seated situation, 
it is one of the most difficult to eradicate It occurs most commonly 
between the ages of forty and sixty, though occasionally it may be found 
much earlier in life The male sex is affected more often than the female, 
m the proportion of 8 to 2 

It 18 generally believed that there are two important predisposing 
factors — chronic gastritis and gastric ulcer The views held m regard to 
the relationship of gastnc ulcer to carcinoma have already been dis* 
cussed, and it will be sufficient to state here that such a relation can 
only be demonstrated in a small proportion, perhaps 10% to 15% of 
cancers 

Chronic gastritis has often been regarded as an important 
predisposing lactor To some extent fins view may bar e been fostered 
by confusion of “ chronic gastritis ” w ith “ chronic gastric ulcer,” 
terms which formerly, and particularly in continental papers, were 
often regarded as synonymous Apart from ulcer, there is little or no 
e\ idence that gastritis predispose? to cancer 

The rehtion of achlorhy dna to gastnc carcinoma has been clarified 
by recent work Often acid is present m normal amount — even, 
occasionallv, in excess, in the early stages of cancer, and the subsequent 
development of achlorhy dna is dearly a consequence of the malignant 
disease or the secondary infection to which it gives rise A number of 
cases have been reported, however, of cancer developmg in persons 
known for many years to have acUydia, and it may’ well be that such a 
sequence occurs more often than hitherto suspected 

There are some interesting differences between the incidence of 
carcnioma of the stomach in different countries In Great Britain, 
carcinoma of the stomach accounts for S2% of all ty^pcs of cancer in 
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man, as compared with 42% in Amenca, 35% in Holland, Havana and 
Spam, and 66% m Czechoslova\ja According to Hurst, the differences 
in this countn and Holland are mainly accountable b> dietetic habits, 
for worL. done under his supervision appears to show that the Dutch 
smoke more, consume more alcohol and spiced and overheated foods, 
chew their food insufficientlv and eat it too qmckly Oral sepsis, which 
IS also more common m Holland than m this countrj , maj be another 
predisposmg factor 

It IS usual to describe four pnnapal saneties of gastric cancer 
(I) the sessile or ulcerating, (2) the polypoid or proliferative, (3) the 
colloid or mucoid, and (4) the atrophic or leather bottle The fourth 



Fio S22 Carcinoma of the stomach (<«eD from bebiod) The growth has 
ongmated near the pjSoras and has spread thence, encircling and 
constncting the pylonc antrum. 

{Drp^mnt Cf StrtfTp ) 

\anet^^ thntijg.'fxcirc, ts suidx a. distinctive one. as. tia he cegasded 
rately, but it should be clearly recognized that the others are not so 
much distmct diseases as deviations from a common tvpe The great 
majontj of gastnc carcinomata are intermediate forms hating some of 
the characteristics of all A fifth type of growth requires also to be 
mentioned, a squamous-cell carcinoma whicli is occasionally found at 
the cardiac end , it may be denied from the lower end of the reso- 
phagus or from heterotopic cesophageal mucous membrane in the 
stomach close to the cardia 

(1) The Sessile or Ulceratmg Form This is the most common type 
of growth, and is also tlie most malignant for it is usually syTnptomlcss 
m the early stages, it infiltrates widelv. and soon gn es rise to metastases 
It occurs principally m the pylone region and at the smaller curvature. 
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though no part of the stomach is exempt Tiic gro\vth is of a scirrhous 
nature, hard and fibrous At first it is confined mainly to the mucous 
and submucous coats, extending widely m these planes , later it pene 
trates the musculans to reach the peritoneal aspect The surface of the 
growth IS usually ulcerated, with a shallow crater Imed by necrotic 
malignant tissue and with hard, raised, rolled margins 

Sfieroscopically, growths of this type are composed of spheroidal 
or sometimes columnar epithebal cells in a well formed fibrous stroma 
The epithelial cells maj be arranged m irregular tubules or acini but are 
often scattered irregularly m small gTOU£B To this latter type the term 
“ carcinoma simplex ” has sometimes been applied 

(2) The Polypoid or Prohferative Form This is a less common type 



Fig 323 Carcinoma ot the stomsch Tbegronlh which has onginated 
near the smaller curvature forms a massive tumour projecting into the 
cavity of the stomach Note the hypertrophy and fragmentation 
of the muscle coat 

(£]rcrartcfv</S/r J 31 Oraftom } 

It forms a bulky, soft, cauliflower like mass which projects into the 
stomach IVhen situated towards the pylorus it tends, in virtue of its 
bulk, to cause obstruction The superficial part of the growth rapidlj 
degenerates and local surface ulceration occurs leading to lixmorrhage, 
secondar) infection and to cachexia 

Microscopically, this type of growlli is usually composed mainly of 
columnar cells, arranged prinapally as irregular tubules or acini , but 
spheroidal cells also are found ilie tumour is often soft or “encc- 
phaloid,” with a scanty, poorlj formed stroma, and degeneratue 
changes are common 

(8) The Colloid or Mucoid Form Tins variety nbo occurs as a rule 
in tlie pyloric region It is somewhat rare, and is usually regarded as a 
form of degeneratiy e change rather than a special tj pe, but its charac 
tenstics arc sufficiently distmetne to merit separate description The 
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tumour on section has a peculiar translucent appearance A char 
actenstic feature is the tendoicj of the growth to extend to the pen 
toneal surface. Adjacent structures are inTaded, and the hver, spleen 
and other organs mav be glued together bv a thick casing of gelatinous 
matenah SGcroscopicallv, the striking feature is the large amount of 
mucoid matena], which is situated both mside the malignant cells and 
m the stroma, I.arge globules fill the <rell protoplasm and displace the 
nucleus to one side, giving an appearance comparable to a signet ring 
The same appearance is present in metastases 

(4) The Atrophic or Leather*bottIe Form. This is a slow growmg 
carcmoma which spreads entircK m the wall of the stomach, onl' 
mvadmg Ivmph glands and distant structures at a verv late stage It 



Fic S24 Caaceroftbestomsch. Tbe tuzaosr u composed of spbetouial 
mi eoltiTTinar cells ia an irregolar acuur foimatwn. 

{OrftT'Metl rf 

IS charactenred bv the p*e5encc of much fibrous tissue Beginning 
usuallv m thepvlonc r^ron, it extends proxunaDv and mar eventiiall> 
implicate the whole stomach from the p% loius to the cardia (see Fig 22*) 
In an extreme case, the stomach is greatly contracted and its capacity 
mav be reduced from the average oomial contoit of one to two pmts 
to a few ounces The wall is diHuseU mduiated, sometimes measurmg 
2 cm. or more m thickness, and on its serous aspect it is pale and almost 
pearivwhite TbemncousmMnbraneisrugose.andisoflencedematous, 
congested and altered bs secondarv catarrhal changes. In a cons der 
able proportion of cases there is an ulcerated area, often in the pvlonc 
region, and it is usuaDr presumed that indicates the site of ongm 
On cross section it is seen that the thirlen mg affects prmcipalh the sub- 
mucous and subserous coats, wiiKh are infiltrated with dense fibrous 
tissue. The muscular coat presents a striking appearance, for Uie 
circular coat is greath hvpertrophwd, and its fibres are, in addition. 
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tra%ersed by dense ^hite bands connecting the submucous and sub- 
serous lajers, an appearance often described as segmentation of the 
muscle Although such great contraction and thickening of the wall is 
present, there is no stasis, but on the contrary food passes mto the 
duodenum with great rapidity 

Alicroscopic exammation shows tliat the cancer cells are scantj , and 
buried m fibrous tissue, so that exammation of se\ eral sections may be 
necessary before the malignant nature of the condition can be deter- 



Fio 232 Leather bottle carcinoma of the stomach The stomach is of 
small size and the whole of its wall is lofiltrated and greatly thickened 
The mucous membraue la cedematous and being redundant it is thrown 
into folds 

{Dipartmtnttf Sngtry Vn\tm vf Zi\nbvT3\) 

mined The cells arc spheroidal, and arc scattered through the tissues 
in small clumps rather than arranged in definite masses or alteoli 
At a late stage of the disease metastases occur m the regional lympli 
glands as well as in the Iner and more distant situations, but for a long 
time the carcinoma remains limited to the stomach If technical con- 
siderations warrant the operation, complete excision is indicated 

Spread of Gastric Carcinoma 

In any of the types just described the disease spreads at first and 
principally by the lymph channels within the stomach wall, but in 
most cases, except in the “ atrophic ” fonn, at a rclatu ely early period 
It reaches neighbouring iyanph glands Later, the adjacent \iscera and 
tissues arc inaaded by direct extension, and dissemination may take 
place through the pentoneal ca\ ity and by the blood stream 

(1) In the Stomach Trail This early spread, most ob\ious m the 
infiltrating or leather bottle type, is nc\erthcless extensile and im- 
portant in the other forms and in particular m the scirrhous, ulcerating 
type The submucous layer may be infiltrated with pale-white streaks 
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cf bejtisd t2s Imts cf Use actiial c^cer, asd 

aiOTmd Tisibk iscie is an eren rat?'^ eslsnave nmrssccpa sd. 
WbsE the tenKMu 1 « «^tsa*ed catfce s= 2 !I= esrrstart, tb» «nb=iai»ns 
15 ciieSj m til* duKtiea cf theearda. *iid aronsd tlie anlcrs- 
snd po^ewr SffisKms tb- carLsc onSse ss niToh-ed, 

«Tv^ ^scccdsiy ce^pba^eal ob^iroetjoci resalts, g’cintli rarelr 

enettatijes cpon tb* pyi’^ne tcsg, irsd th“ dacdenasn is only lidy to 
be inTsded feom a «<*«>ndaiy nodal** cnplanted ca its scroas «Tii&re. 

( 2 ) To L’jnph M*tastases in lymph glands CreqatnUr 

appear at a s’cry early sta^^e cf the drseas*. Tb** first to be sifcsied are 



usually the glands nearest the ticnoar and, fmn th- usual £:*uat»x 5 of 
the tuayur ra the smalla’ eunalurc near the pTl-”u>, two groups ia 
paihcEilax are LabV* to earir laTolvisMat. These are (c) the kiww 
co’onarr g^ap, «itualcd bctweci the layers of the tsnen*um ck»«e 
to th- distal part of the smaller eurralure, and (5) the pytfix ard 
subpTlonc g-oup. iriuth are {dated close lo the first part cf the 
duodaiinn and la tli* and' btt ae eu it and the head of th* pancreas. 

From the lower cotaaiy group the g r o w t h tends to to th* 

upper eo*oaary g-onp (•arelr these may be the first to be nTclred) 
and thence to glands along the cnrljc artery arid to the para acrtic 
e h a m . The j'uwth may exta^ in irtrograd* manner tom the ccsll&c 
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artery to reach the lymph glands m the porta liepatis, whence the Iner 
may be affected 

From the pj lone and subpylonc glands the disease maj extend to 
the supra pancreatic glands and glands at the root of the mesentery 
A malignant mass m the last situation may compress the third part of 
the duodenum and lead to duodenal obstrurtion 

If the primary growth lies near the greater cur\ ature it tends to 
spread to Ijmph glands of the gastro epiploic chain, between the layers 
of the gastrocolic ligament and in the great omentum Such spread is 
less important, however, for these glands in turn dram back into those 
of the subpylonc group 

(3) To Adjacent Organs Tiie primary growth may extend directly 
into the pancreas, omentum or li\ er Less commonly, there is mv asion 
of the spleen and the colon and occasionally of the jejunum 

(4) By Vie Penioneal Cavity tVhen the growth has extended to the 
serous surface of the stomacli, malignant cells are liable to be set free 
and to traverse the pentoneal cavity Here they may give rise to 
numerous widely scattered metastases, at first small like tubercles, 
and later growing extensively, or they may result in one or more large 
masses These massive pentoneal metastases ore particularly opt to 
anse m the great omentum, on the pelvic floor, or on the surface of one or 
both ovaries In any of these situations a large secondary moss is liable 
to be regarded as a primary growtii, particularly os the primary growth 
m the stomach may be almost symptomless 

(5) By the Blood Stream This usually occurs at a late stage of the 
disease, but in joung subjects may take place early The liver is 
affected first , later, metastases are found in the lungs, brain, bones and 
other V iscera 


SARCOMA OF THE STOMACH 

Sarcoma may arise in any of the connectiv e tissues of the stomach 
wall It IS of rare occurrence constituting about 1% of all gastric 
tumours It may dev elop at any time of life, but generally at an earlier 
age than carcinoma The average age is about forty 

The tumour differs m no essential respect from a sarcoma elsewhere 
It forms a large mass, which undergoes central necrosis early, and forms 
an extensive ulcer from which free hiemorrhage may occur Secondary 
infection leads to rapid cachexia and death The commonest form is a 
lymphosarcoma arising in the lymphoid tissue of the submucous coat 
Sarcoma sometimes arises in a leiomyoma Round cell and spmdlc 
cell sarcoma also are described 

The tumour is situated most often in the pyloric antrum, but is 
rarely so close to the pylorus os to cause early stenosis Achlorhydria is 
usually present, but tins is by no means invariable It is a remarkable 
fact that occasionally there is little loss of w eight-until the late stages of 
the disease 

Atypical forms of lymphadenoma (Hodgkin’s disease) occasionally 
giv e rise to infiltration and extcnsiv e ulceration of the stomach and this 
may progress m much the same wav as sarcoma 
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SIMPLE TUMOURS OF THE STOMACH 
Gastric Polyposis Polypoidal projections of the gastric mucous 
membrane are common near the margins of a gastric carcinoma, but 
the term gastric polyposis is reslncted to a comparatis ely rare condition 
of simple papillomatous overgrowth The polypi are papillary adeno- 
mata •which arise in the mucous membrane and project into the cavity 
of the stomach They are usually multiple, but single polj pi ha\ e been 
reported A rare form of polypus is that in winch a limited area of the 
gastric mucosa is affected in a diffuse fashion, being raised m a well 
defined \elvetj plaque in an otherwise healthy stomach 

At operation a group of polypi may be felt inside the stomach as a 
soft doughy or norm lile mass The mucosa is co\ered with selvety 
red projecting masses, which vary in size up to that of a cherry, and are 
widely distributed, either in the pyJonc portion or tlirougli the whole 
stomach Ulceration and secondary infective changes are common, 
and often there is some catarrhal gastritis Microscopically, the 
tumours arc papillary adenomata, composed of columnar cells arranged 
m well formed aani and supported by a lax connective tissue stroma 
In the diffuse plaque like variety the tubules of the growth resemble 
the duodenal glands of Brtlnner Gastric polyposis is very liable to be 
mistaken for carcinoma , the ulcerated surfaces bleed readily and a 
severe degree of secondary anieinia sets m , catarrhal changes reduce 
the gastric acidity, perhaps to zero, the vomit contains blood, mucus 
and even lactic acid , and on radioscopic examination the barium 
shadow IS interrupted by numerous filLng defects In man} of the 
reported cases carcinoma has supervened, but there does not appear 
to be that mtimate relation between the two conditions which is found 
m the colon 

Other simple tumours of the stomach are rare A myoma occasion- 
ally is found It may project into the lumen or subpentoncallv, 
and m either event forms a smooth rounded or nodular lump, often of 
considerable size, and often pedunculated Cases have been reported 
m which such a tumour has caused symptoms from pressure When 
it projects towards the lumen the tumour may ulcerate and simulate 
a malignant neoplasm, or it may be propelled towards the pylorus and 
cause obstruction at that point, or even intussusception Rarely the 
presence of a large tumour has led to volvnilus of the stomach 

Fibroma, lipoma, and angioma of the stomach may occur 


SYPHILIS OF THE STOMACH 

Syplulitic affections of the stomaeb arc uncommon, and of interest 
chiefly from thcic mimicry of carcinoma They occur as late tertiary 
manifestations of the disease and begin as a gummatous infiltration 
of tlie submucosa, usuallj on tlie smaller curv ature tow ards the pj lorus 
The disease may progress to the formation of single or multiple 
gummatous ulcers or submucous nodules, or it maj lead to extensive 
fibrosis of the affected part of the stomach wall 
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In some cases a large gumma forms, softens in the centre and breaks 
down, givmg rise to a large ulcerating mass resembling an ulcerating 
carcinoma More commonly, syi)hilis leads to diffuse fibrosis of the 
stomach wall If this occurs m the region of the pylorus, pyloric stenosis 
IS the natural result , if m the body of the stomach an hour glass 
deformity Rarely syphilitic fibrosis affects the greater part, or e\en 
the whole of the stomach, and gives rise to a condition readily mistaken 
for “ leather bottle ” carcinoma or for fibromatosis of the stomach 

The effects of sjphihs of the stomach ma> resemble those of 
gastric ulcer or carcinoma Hiemorrhage from the ulcerated surface, 
manifest in humalcmesis or nicl'ena, leads to se^ ere anumia Secondar\ 
catarrhal gastritis leads to excessive production of mucus and m 85% 
of cases to complete achlorhydria llie diagnosis is rendered difficult 
by the fact that the disease often fads to respond to ordinar\ anti 
sj'philitic measures 

TUBERCULOSIS OF THE STOMACH 

Tuberculous affections of the stomach and duodenum arc extremely 
rare, a remarkable fact considering that the tubercle bacillus can 
survn e e^posure to gastric juice for se\cral hours, and considering that 
infection of the lower alimentary tract from shallowed sputum is so 
common 

The most frequent tuberculous lesion is a single ulcer on the smaller 
cur\ature towards the pylorus, it has the characteristics of a 
tuberculous ulcer elsewhere, and has no distinctive clinical features 
Occasionally se\ eral small miliary ulcers are present Rarely a hyper 
plastic type of the disease occurs, with much fibrosis and little or no 
caseation , this variety at the pylorus may lead to stenosis and as at 
the ileocffical region, it may simulate carcinoma 

Tuberculous disease in the stomach is generally bche\ ed to follow 
infection from swallowed sputum , rarely a caseous lymph gland may 
adhere to the stomach wall and thus mfect it 

CONGENITAL HTFERTROFHIC FYLORK STENOSiS 

A disease of the early weeks of life, affecting boys four times more 
frequently than girls, and especially prone to attack the first bom of 
the family The muscular wall of the pyloric canal is hypertrophied, 
and this leads to narrow ing of the lumen and obstruction Distally, the 
hypertrophy is clearly delimrted, for it neaer goes beyond the pylorus 
Proximally, the limitation is less exact and the hypertrophy gradually 
dnninisbcs until at the mcisura nngularis the muscle is of normal 
thickness At the pyloric canal the swollen muscular wall forms n 
rounded bobbin hke mass The ewculat muscle is particularly affected 
and its fibres are pale compared to those of normal muscle, grey or 
greyish white and poorly supplied with blood Partly owing to the 
muscular overgrowth and partly owmg to redundancy of the mucous 
membrane w Inch becomes folded upon itself, tlie lumen of the p\ lotus 
IS greatly reduced The stomach and even the oesophagus, hyper 
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trophies in efforts to oTexcome the obstruction and causes Mgorous 
peristalsis, as is readilv seen if the infant is examined during a feed 
Later the stomach dilates and its mucosa undergoes secondan catarrhal 
changes 

Congenital p%lonc stenosis is on inherited abnormalit\ of rccessrre 
ts'pe, while sex and primogeniture are aUo determining factors The 
underhmg cause is the possession of a pair of abnormal genes one from 
each parent, and should the recipient chance to be a boj and first born, 
his c^nce of being affected is the Mendehan ratio 1 in 4 Girls and 
subsequent children are much less likeh to be affected 

There hare been numerous theories as to the significance of the 
pjloric lesion Hirschsprung and Cautlex maintained that the pnmarv 



tic CoDgruilal byp«rtfophic | jlonc stenosis from a aiale aged 

fiseveeks Note (1) lie great bvpertrophv of the arcular isascle 
fibres (2) tbe fold of redoodaot raocous membrane The stomacb 
u greatlr dilated 

l^ion IS a congemtal muscle hvperlrophx , and that the px lone obstruc 
tion is due to the increased thickness of the muscle and to the resulting 
spsTO. John. Tb/imsou. cs. the ofJwtc tiajod, ttcil. the •pmnsrx 

factor is a want of neuro-muscular coorduiatiou, which leads to func 
tional obstruction at the pxiorus and to compensaton, In-pertrophi of 
the muscle fibres of the pi lone canal 

The chnical features are charactenstic The first sign usually 
appears withm a few daj s or weeks of buth, when the bab\, prenousU 
berths, commences to remit , the lomitmg becomes forcible and 
projectile, from extreme muscular acting, and tends to occur withm a 
few minutes of the beginning of a feed The onset thus differs from that 
of congenital intestinal atresia, which is mamfest from birth and the 
vonut differs from that of Tolnilus of the mid gut loop (rre p 491) m 
containing no bile 
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There is another rare form of pylonc stenosis m children, due to a 
congenital defect — the stenosis of Landerer and JIaier The obstruction 
in this case is due to a diaphragm of mucous membrane at the pj lorus, 
pierced by a very small hole The symptoms m this tj^pe do not begin 
until later childhood 

VOLVULUS OF THE STOMACH 

This rare accident may invoUe the whole stomach, or its pyloric 
portion alone The partial \anety generally occurs as a complication 
of hour glass deformity, for m tins condition the lower pouch, slung 
between the contracture and the pylorus, is relatively free to rotate 
The complete v ariety is most likely to occur m association with dia 
phragmatic henua, a benign gastric tumour, or of perigastric adhesions 
In some eases the only predisposing factor is gastroptosis 

The V olvTilus may take place round an axis passing through the two 
oriBces of the stomach, or one perpendicular to this Ime In the 
former, organo axial type, the greater curvature generally passes 
forwards and upwards, and comes to lie under the anterior part of the 
diaphragm The transverse colon may be drawn upwards with the 
greater curv ature and become impacted under the diaphragm In the 
latter, mesenteno axial type, the pjlonc part of the stomach passes 
forwards, upwards and towards the left m front of the body of the 
stomach, carrying the right colic flexure with it In this tjpe the 
V olvnilus is generally of limited extent 

The main effect of volvulus of the stomach is to cause complete 
obstruction of the pjlorus, and m some cases of the oesophageal orifice 
There is little interference with the blood supplj to the stomach The 
stomach becomes greatly distended, causing severe epigastric pam and 
extreme collapse Large quantities of fluid are lost into the dilated 
viscus, and dehydration is consequently a marked feature. If the 
oesophageal orifice is obstructed there is no v omiting, and attempts to 
pass a stomach tube are unsuccessful In some cases secondary obstruc 
tion of the colon is a complicating feature 

ACUTE DILATATION OF THE STOMACH 
This IS a remarkable condition in which for no obv lous reason the 
stomach becomes rapidly ballooned viith gas, so that it fills the greater 
part of the abdominal cav ity Generally it is a post operative cewn* 
plication, but it may follow simple manipulations, such as the application 
of a plaster case, and rare cases have been recorded in which it arose 
from no obvious cause in otherwise healthy young adults The pre 
disposing operation is most commonly an abdominal one, performed 
for affections of the female pelv ic organs, the appendix, or gall bladder 
It is curious that operations on the stomach itself practically never 
predispose to it There appears to be no relation between acute gastric 
dilatation and infections 

Acute post-operative dilatation of the stomach rarelv becomes 
niamfcst later than forty eight hours after operation ; sometimes it 
occurs within a few hours, and in a few recorded instances it has occurred 

I*— I 
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actuallr during the operation These cases are of particubr interest , 
the stomach is suddenly observed to be increasing m si 2 e, and withm a 
fevr minutes it fills the greater part of the abdomen and proj"cts at the 
wound, after passage of a stomadi tube a quantitv of gas, of the 
composition of atmospl enc air, is released, and tbestomach immediately 
returns to its normal size 

The stomach mav reach to the brim of the pelcis, its wall becomes 
greallv thinned, the mucosa eroded ; and the gas later becomes replaced 
by foul, blood-stamed fluid. The dilatation mav be limited to the 
stomach, but this is unusual, and it commonlr extends to some pomt 
in the second or third parts of the duodenum or even to the proximal 
coils of the 3 ejQnnm In about a quarter of the recorded cases the 
dilatation stopped short at the point where the duodenum is crossed 
bv the superior mesenteric ressels (gastro-mesentenc Detis) 

Tlie cause is not fully imderstood It is, bowcTer, generally 
a g r eed that the stomach is affected first and prmcipallv, and that 
dnodenal dilatation, when present, is a secondarj phenomenon, 
due to compression of the root of the mesentery from the drag of 
displaced small intestine A healthy stomach when distended empties 
Itself bv the forable espuhion of gas along the cesophagus, and it must 
therefore be presumed that before ddatation can occur there must be 
paraHsis of the gastnc musculature, and possiblv also spasmodic 
contmction at the cardia , these predisposing affections mav possibly 
arise from toxic changes ui the muscle, but their sudden onset suggests 
rather a reflex action The gas which fills the stomach might be thought 
to ark>e from the fermentation of mtestinal contents, but tins could 
hardly explain the extreme ripidi^ of the dtlatation "'fclvor has 
shown that m the cat some degree of gastnc dilatatioa mar be brought 
about bv inserting a valrular tube mto the upper part of the tcsophvgus, 
allowing air to be sucked down into the stomach but preventmg its 
exit and It is possible that some ralmlar mechanism mav occur m 
man 

The effects of acute dCatatioo are immediate, grave, and sometimes 
tital In part, they arise from the mere distension of the stomach, 
which displaces other viscera, pushes up the diaphragm and interferes 
with the action of the heart Even more important, however, is the 
subsequent outpouring of Quid into the dilat^ nscus, for the tissues 
become dehydrated, the secretion of unne diminished, and alkalosis 
nipidh develops If the duodenum is obstructed the effects of a high 
intestinal obstruction are superadded It is not surprising that there 
is rapid colbpse and great dehvdration, at first there mav be no 
voButmg, but later an otctCow regurgitation mav occur Forhmatclv 
if recognized earlv the condition is amenable to treatment bv passage 
of the stomach tube 


CHRONIC DUODENAL ILEUS 

Chrome obstruction of the duodenum tnav arise from one of several 
causes which fall naturallv mto two principal groups The first 
IS tl at in which some gross obstructmg lesion is demonstrable, for 
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instance, calcified tuberculous Ijmph glands, or infiltration of the 
mesentcrj bj malignant disease, or rarely, adventitious adhesions in 
this region The second includes those m which there is no definite 
organic disease to account for the obstruction 

The second group occurs most oft<*n in females and usually in those 
of visceroptotic habitus, but it may rarely be found in those of 
sthenic build Obstruction is situated usuallj at the point of crossing 
of the superior mesenteric arterj, and it is generally attributed 
to the pull of these vessels associated with a greater or less degree of 
prolapse of the small intestme (arterio mesenteric ileus) In some cases 
it appears as though displacement of the small intestine and consequent 



Tio 2‘’8 Chronic duodenal ileus The transverse colon 1 as been drawn 
up and the peritoneum incised to show the third part of the duodenum 
n hich IS greatly distended TIic root of tl e mesenf erj containing the 
superior mesenteric vessels is seen immediately to the medial side of 
the distended duodenum 

mesenteric traction is due to primary dilatation of the stomach or to 
gastroptosis Rarely the obstruction appears to result from traction 
by the proximal colon upon the right colic arterj , w hieh crosses the 
third part of the duodenum obhqiielj Very often it is not possible to 
demonstrate any obstruction, and the dilatation is merely part of a 
general v isceroptosis Anatomical obser\ ations indicate that at birth 
there is often a slight constriction of the duodenum wliere it is crossed 
by the mesenterj , and it is iwssible lliat some such dc^ elopmental 
narrowing predisposes to the condition, but although occasionally seen 
m childhood duodenal ileus usually becomes manifest only in adult life 
The third part of the duodenum is generally the most affected, and 
it may so dilate as to bulge forwards below the transverse mesocolon 
Occasionallj the dilatation is most obvious m the first and second parts 
of the duodenum which project like a second stomach to the right of 
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the pjlarua The stomach is ahrays large also, but the pj Ionia ma\ 
Or may not be dilated. 

Duodenal ileus is important in itself^ as a possible cause of sesere 
bilK>us attacks, but it is equally important in that it ma\ prejudice 
the success of operation on oth*r parts of the abdomen It is no doubt 
responsible for some instances of pernicious somiting after gastro- 
jejunostomy, and it may be reqwnsible for leakage &om the duodenal 
stump after gastrectomy. 


DUODEXAL DnTRTICULA 

Duodenal diverticula are usually regarded as somewhat rare lesions, 
but according to several anatomical studies it would uppear that the; 
are not uncommon. Faflure to recognize them is due to the absence of 
any definite symptomatology, and to the difficulty of portraying them b; 
radiography Apart from a rare form of pouchmg which occurs exactly 
at the duodenal papilla, two types of diverticula ma; be recognized—- 
the primary type, m whidi no obvious cause f?tT> be discovered^ and the 
secondary type, which results from «ome local lesion 

Pnnary irzertteula occur usually in the second part of the duodenum, 
rarely in the third and fourth parts, and never in the first part. They 
form Cask like protrusions from the concave border of the gut, and are 
do«el; related to the vessels entering the duodenal walk The dis erticula 
are ofren multiple, and reach their greatest development in middle-aged 
or old persons 3Leroscopically, they are found to be comjxised of the 
mucous and submucous coats, which have herniated through a gap in 
mnscuians. The pouches are clo^ly related to the pancreas, and 
occasionallv small ishmds of aberrant pancreatic tissue are emb^ded 
m their walls They may exert tojunous pressure on the common bile 
duct and the pancreatic duct. 

They are usually symptomless and only discovered by chance m 
the course of ladK^raphic cxamuiatioa of the digestive tract , in some 
cases. bowevCT, vague syraptoms of mdigestion have been attributed 
to them. It IS remarkable that infection and other complications only 
supervene with great ranty, owing, no doubt, to the relative steriLty 
of the duodenal contents. In exceptional cases, stasis in a pouch 
pred i spo s ed to the formation of coacretioas. 

Seamdary dtzfrtteuta are commonest in relation to peptic ulcer, and 
consequmfry occur in the hist part of the duodenum. They ma\ 
ansefrom the direct traction of an ulcer cicatnx, or from the stretching 
and “ pulsion ” of a weakened area of the walL In either case, the; 
han bttle clmical import and have no svTaptomatoIogy apart from that 
of the causative Iraion 
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OISCASES OF THE SMALL INTESTINE 
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rotation (3) Com I 

pletion of first stage ' 

(anterior vieir} Fig 232 Intestinal rotation (4)Second 

(After N M Dott ) stage in progress (After N M Dott ) 

the umbilical cord — a “ physiological hcmia ’ Rarelv such a hernia 
persists (exomphalos) The principal stage of the normal process of 
rotation occurs when this hernia is reduced for the re entering intestines 
become subject to \ anous mechanical factors inside the abdomen 
The first stage is a simple one, and consists m anti clockwise 
rotation of tlie whole mid gut loop through 90 de^es The growing 
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stomach projects jts pTione end towards the nght side of the mid line, 
and thx-s cames the p’oaamsl end of the mid-gnt to the right The 
base of the mid -gut Icxjp now Iks tiansveiselv with the duodenal papilla 
and the left colic fiemre s\ almost the same lereh and the small intestine 
lies to the ngh» of the mid line the proximal colon totheleft(/ee Fig 230) 
The tee^d ttage includes the enicial phase of the process of rotation 
It tai.ES place at the begmnjng of the tenth weeL, when the mid-gut 
re’uzns from the umbilical cord into the general bodv cavitv, and its 
noimal pityress depends upon vanoas mechanical influences to which 
the gut then becomes subjected Its effect is to rotate the m-d-gut loop 
thron"h a further 180 d^rees m the anii-clodwise direction 

The first part of the nud-gut to return to the abdomen is the proximal 
erd, the du^sinm and jejunum, which returns m the line of its long 
AT.s The fCT^ifn, owing to its boIL, is the last po'tion to be reduced, 
and while it lies m the umblljcal cord it exerts an important mfiuence 
upon th*“ rotatwn process, for it holds the supenor mesenteric arterc 
tauUr forwards a^ th>s provides an axis arotmd which the small 
intestine mav rotate 

When the re-entenng cods of duodenum and jejunum (at present 
Iring to nght of the mid Ime) teach the abdomen, they meet the resist 
aace of the liver and thev are deflected downwards on the nght side. 
With forthe" defl<*c*ion m the same (anti-clodtwise) direction the\ 
become propelled behind the taut »x» of the supenor meentenc orterv 
and thus the uppermost coil, the tenomal duodenum, comes to he 
transvendr bel^ and behmd this vessel. The jejunum and tieum 
follow the same course, and when eventuaQv the C3cum returns to 
the abdomen the whole small mtestme hes on the left side, and the 
prcoumal colon is displaced to the right (»« Figs. 232 and 233) 

The third tlage which ts a less oomphcaled one, concerns the descent 
of th^ cacum and proximal co*ou to their adult position, and the 
subsequent fixation of the mtestinal 

\t th» conclwSjon of the second stage the cacum. now returned 
to the abdominal cai itv hes immediateh deep to the umbilicus B\ 
vanous mechanical in^u^nces the escum is propelled upwards and to 
the rgbt to reach t^e subbepatic region, wknee it migrates to reach 
its adult position m the nght fliae fossa 

Up to this pojit the who^e nml-gut remains suspended in its 
fan-shap^ mesenterv from the duodeno-colic isthmus but now certain 
parts of It become fixed to the dorsal abdominal wall That part of 
the mesenten which encloses the supenor mesenlenc arterv becomes 
adherent to the dorsal wall along an obhque line extending towards 
the nght n»c fossa ai^ tins line rubsequentls- is known as Uji root a/ 
the meeentery In tl is process tt« duodasum becomes fixed where it 
passes beneath the arten and it thus acquires its retropmitoneal 
position Lastlj the post arterial mescaters.contauimg the right colic 
and Ceo^lic vessel* fuses with the posterior panetes and the proximal 
colon thus becomes fixed 

fieraz^emenU of Rotaboo. I>erangements of the first static are 

sers rare while thoseof the tlmdstageareso frequent astobeco^on 

place The most interesting though rare anomalies arc those of the 
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second stage. These have been dassified by Dott in three principal 
groups as follows : — 

(1) Non-rotation. Here the gut as it enters the abdomen fails to 
rotate, and the small intestine remains on the right, the proximal colon 
on the left. The duodenum does not pass horizontally across the 
abdomen, but passes directly downwards, and the coils of Jejunum lie 
close below' the liver. The lower part of the ileum crosses the midline 
and enters the right side of the caecum. The ascending colon lies to the 
left of the midline, and the transverse colon, which is short, is related 
to the left part of the greater curvature of the stomach. 

Tlie anomaly of non-rotation is of great practical importance, for 



FiQ 233. Intestinal rotation. (6) Second Fic 231. Anomaly of intestinal rota- 
stage completed (After N. M. Dott ) Uon. Volvulus neonatorum (After 
N. M. Dott ) 


as a result of it tlie cscum and appendix ate displaced and m diseases 
such as appendicitis the symptoms arc left-sided. The anomaly is also 
important for its secondary effects, for the gut sometimes remains 
unfixed and unduly mobile. If the whole mid-gut remains free, 
suspended from its narrow duodcno-coltc isthmus, it is very apt to 
undergo volvulus in the early days of life— rolvuluj ruonatorum {see 
Fig. 234). This is a condition of great gravity. It differs from volvulus 
in adults in several particulars which may render its recognition, even 
at the time of operation, a matter of some difficulty. The whole mid-gut 
IS affected, but since its lower end is less acutely twisted than its upper 
end, the gut remains collapsed, and the clinical features are those of 
duodenal obstruction, with little distension in the lower abdomen. 


4 '^ Djsrjsrs or tee small ixtestisb 

p-Tijccts its priori'* eid to'«raids the nght side of the mid-Une, 
tht^> cames the pTsnroal end of the mjd-gut to the nght. The 
base o' the ni,*d-gct loop now lies tnmsver^dr with the dncdeial papiHa 
asd the left cch^ Eeurre a* almost the same level, asd the small intes*me 
I'sstother’gh* oflfc^imi Ime thep-Qnmalco!<mtothe!eft(«eFtg KO) 
The ttctrtd ticcf mclodes the crnesU phase of the process of rotation- 
!♦ place a* the b^ynnmg of the tenth week, whea the mid-gnt 
from the umbflical eo?d into th^ general bodv cavi^, and its 
nctnal p*ogress depends Lpon vanoos gy^haa.eal influences to wh ch 
the gn* thm b'wmes subjected. Its eEcet is to rotate the mid-gnt loop 
through 3 farther ISO degrees m the anti-dockwee directwn- 

The £r^ part of the cud-got to re'i.m to the abdomei b the provinal 
fCid, the dacdeanin and jejtmma, whudi returns in the Ime of its long 
ar< The cscnm, owing to its bulk, is the last portion to be red-ced, 
fiTvd whl!'* 1 * Lcs in the omblical co»d it exerts an impo’taat inSiieoce 
upon the rc*ahon pmcess, for it holds the soperwr mesen'enc arten 
tantlv fc^waids and ths pmvides an axis around which the small 
sn’estme oav rotate 

IVbd the Te-estem^ co2s of dnodennm and jcjnnnin (at present 
hmg to ng‘’t of the mid Lik) reach the abdomen, Uot meet the resist 
aaee the Irrer and tbev are deflected downwards on the nght side. 
ITrth ‘‘cither deflec*Ton in tb^ same (anti-docfcwise) dceetioa ther 
beccme propelled b eha d the ta«» axB of the scpervr mesectenc arterv, 
and thca the cppcitnos* coH, the termmal dcodecmru comes to be 
tzsQSTercelv below and behind this vessel. The jejcssm and Oecm 
foDow the same cocse, and when evestnallv the ret ic n s to 

th* abdomen the whole small in*es*tae bes on the left side, and the 
provrral colon is disn’aced to the nghl {ur Figv 23? and 233). 

The third siaZ'’, whadi is a less complicated one, concerns the descent 
of the cEcum and proximal colon to their adal*- position, and the 
subsequent fixation of tlse intes*xnal rrw« 

\t Ibf eoEclcron of the second stage ity cacmn, cow retnrned 
to the abdo min al cavitv bes iinni*xh3telv deep to umbflictis Bi 
varsons roe(han*cal mSuroces the cscvm is propelsed upwards sad to 
th‘ raAt to reach tb** subbrpatic region whence it m-grates to teach 
its ad jJt position in tb»* ncfc» i1 ;<>. fos>a. 

TJp to this point th* whole nud^ut temajis sospended m its 
fan-shaned mesentery ftom th** d-odeno-ecbe isthmus, but now certain 
paru of It become fixed to the do-sal abdominal wafl. That port of 
the nsesen*erv which ecdiKes the snp<roo- mesentenc artev becomes 
edheront to the dorsal wall along an oblique line extending towards 
the rght fliae fossa and this Imc subsequectlc is tnown as the to-* oj 
Ae ru-«ntm» In ibis p-ocess the doodroum becomes fixed where it 
passes beneath the aiter, and it thus aeqanrs its retropentoaeal 
position Lastly the post artenal mesecterv, containin'* the nght colic 
and iltOKsobc vessels fmes wjih Use postenor panetes, a^ the proximal 
colon thus becomes fixed 

Derangements of Rotation. Derangements of the sta-'T ate 

ve-s rare.whaethaseoftbetlun!stageare»o£fequeitastobe€o^on 

place The ntos* ic*e*estzng llwregh rare anomalMS are th<we of th* 
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second stage These liave been classified by Dott m tliree principal 
groups as follows — 

(1) Non rolatxon Here the gut as it enters the abdomen fails to 
rotate, and the small intestine remains on the right, the proximal colon 
on the left The duodenum does not pass horizontally across the 
abdomen, but passes directly downwards, and the coils of jejunum he 
close below the hier The lower part of the ileum crosses the midline 
and enters the right side of the ciecum The ascendmg colon lies to the 
left of the midlme, and the transverse colon, which is short, is related 
to the left part of the greater curvature of the stomach 

The anomaly of non rotation is of great practical importance, for 
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os a result of it the cscum and appendix are displaced and in diseases 
such as appendicitis the symptoms are left sided The anomalj is also 
important for its secondary effects, for the gut sometimes remams 
unfixed and undulj mobile If the whole mid gut remains free, 
suspended from its narrow duodeno colic isthmus, it is verj apt to 
undergo tolvulus in the early dajs of life — volvulus neonatorum (see 
Fig 234) This IS a condition of great graMty It differs from volvulus 
m adults in several particulars whidi may render its recognition, even 
atthe time of operation, a matter of some difficulty The whole mid gut 
IS affected, but since its lower end is less acutely twisted than its upper 
end, the gut remains collapsed, and the clmical features arc those of 
duodenal obstruction, with little distension in the lower abdomen 


io-' IfISEASES OF TBE SMALL l\TESTI\E 

'lo’WTer < J 3 C€ the blood <upplt' ts affected the diseokratioa 

«o chsisc*enstic other fonrts of Tolmlos rna^ be triebing The 
co 2 dit»n sMjld be suspected when a vonng infant, p-enoush m good 
health, <T:ddenlv commences to voiait b3e-staiced malenaL 

(2) Ef'cntd Bc4ciim This is an intcres*^^ anomalv, which is 
beli*Ted to be dee to the return of the procnmal colon to the abdominal 
cavitT l^ore the jepinura- Ihc promnal colon therefore ts the first part 
to rotate, bn* m the revise (cloctwise) direction, and it comes to li<* in 
th» pos^on nonnaHv occopj^ bv th^ dcodenum, often in a tunnel deep 
to the TOO* c£ th* mesentov of the snsU intestine. In Epi*e of th** 
altered rota*ion, howeve’, the remainder of the got eTentoallv reaA es 
the n"mial adnl* pcsibon. ClmicaDv it is of importance, for the 
bansvetse eo’oa msvbecosstnetedasi* Lcs deep to themesenterv, and 
obstroc*iQa mav result 

(3) Afclrclation This inehides sereral itregolar aiai less dearie 
imdcistxxid defects of rotahon, wherebw part or the whole of the mid-got 
maT b* displaced. 

Derangements of the Third Slage. The commonest cf these concern 
th» descent of the caecum and pronssal colon, and their subsequent 
6xa*wa- FaXire of descent leads to fixation o' the caecum in the lom 
o” dose under the lirer. and too prolong'd descent, with la^ of 
fixation, leada to aQ degres of isobI!i*v of the esscum and proximA] 
co^on. Th* appendix mav rema.n high up m the loin m the retrocolie 
and rc ti i :K . iefal posrbcsis, and Its tip ma\ cstecd as far as the lirer 
IVhen the proxmul colon remains unfigM and fioating it mav undi'tgo 
To'rul^is m adalt life. 

AhO'fALES OF THE MIELUNE DLCT 'IECKEL*S 
DI\‘pmCULU'I 

Tbe ntcUme djct (or vo!h ^talL) foTns a fo r-7mT?nM.atmT channel 
which in eariv life passes from the voIL sac along the umbilical cord 
to tL<* m*tstina\ canal. In normal cncumstancfe it obOitewited at 
abo Jt tlip sixth or sei-enth week of intra uterine life, but it mai persist 
and cat.se troub’» at a later date Hie oWiterative process b^ms at the 
cmbxcus and extends to the intestn:*, and consequoitli tbe intestinal 
end of th^ du~t peis.5ts roost frequenlJv The common form n> a « ma!l 
blind diTe^t-cuIum projecting from tb^ ileum a few feet above the 
SrocKcal s phin cter Tbe drverticiilum mav be finger like or rotmd'd 
It IS tist.al!\ two three inches long and p*oj'"cts from the 
tenc bo’der of tbe gut, with its end free m the pentonsnl cavi'v 
Occas’onaDv i* anses on tbe mesenteric aspect and bes withm tbe 
Deal mesenterr In its enstomarv latrapmtoneal situation it mav 
termina'e abrupth-, with a rounded or comcal end, or it mar taper into 
a thm fibrous co-d, attached b> its other end to th- mesenterr This 
cord Tepits«its the obbte'aled TiteSo-mtestmaJ arterv To it tbe 
dirotictilam owes much of its potential danga-, fo* th** co'd may snare 
ponioas of intestine and «o caus- obstru-twa. Eardr s remnant of 
the nteilin* vasoJar ssstem xnav persist altbough the ntdlin* duct 
IS comp’etclr obbtefated Thus a fibrous co'd representin'^ th* ntdliae 
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artery may pass from the ximbihcus to the ileal mesenteiy , whilst the 
vitelline >ein may be represented by a cord extending from the umbilicus 
towards the third part of the duodenum 

The vitellme duct may remam patent through its whole length 
Occasionallj only the umbilical end remains, forming a small sinus, 
which discharges at the umbilicus, and it may prolapse on to the 
abdommal wall (the so-called enteroteratoma) An mtermediate 
portion maj persist and form a cystic sweUing in the peritoneal cavitj — 
entero cj’Stoma Rarely a portion abnormally placed m the mesenterj 
may form an “ enterogenous ” type of mesenteric cyst {$ee p 553) 

In some cases stenosis of the ileum maj coexist, rangmg from 
slight narrowing to complete obliteration Sometimes there is a 
diaphragm of mucous membrane perforated by a mere sIiL This maj 
allow the passage of mtestinal contents, but solid objects such as fruit 
stones are liable to become impacted 

Compfications The complications of a persisting portion of the 
Vitelline duct are legion, and there must be few surgeons who ha\ e 
had no experience of the remarkable intra abdommal entanglements 
to which it may give rise For convenience they may be classified 
ns (1) intrinsic prunnrilv affecting the dnerticulum itself, and (2) 
extrinsic, affecting other portions of the intestine 

(1) Intnmte CompUeatioru Not uncommonly the communication 
between the diverticulum nnd the intestine is small and it maj 
unde^o progressive stenosis until completely occluded, so that the 
diverticulum dilates to form a cyst, which fills with mucoid material 
and may reach great size Infection of the diverticulum maj occur 
and simulate appendicitis In exceptional cases an ulcer maj form in 
the duerticulum and may give rise to hjcrnorrhage into the hovel or 
maj perforate into the peritoneal cavity The diverticular wall may 
contain traces of heterotopic gastric mucous membrane and the ulcer 
maj thus be regarded as of peptic origin Not mfirequentlj simple 
tumours such as adenoma or mjoma arise m the wall of a diverticulum 

(2) Exlnmic CompUcaiions These arise from the action of the 
whip like fibrous cord attached to the apex of the diverticulum The 
cordraij be freeat first butitisapltocontractadientitiousadhesions 
and thus to provide a snare through winch a hernia may occur A 
diverticulum fixed to the umbilicus provides a fulcrum for volvulus of 
the intestine Even if unfixed a dilated diverticulum maj bj itsveight 
achieve the same result Lasflj, and verj rarelj a diverticulum mav 
prolapse inside the ileum and lead to intussusception 

Multiple Diverticula of the SmaU Intestme 'Multiple diverticula 
occur, though rarelj, in the jejunum or the ileum the latter situation 
being the more common They may be present in large numbers 
affecting several feet of the gut Unlike diverticula of the colon thev 
project on the mesenteric aspect of the bowel, along the line of the blood 
Vessels They consist of mucous and submucous tissue alone protruding 
through gaps m the muscular tunic It is generally assumed that thev 
are developmental in origin though the suggestion has been made that 
thej arc pulsion diverticula ansmg from irreguhr peristaltic con 
tractions and consequent increase in the pressure within the gut 
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Awhile the blood becomes increasingly concentrated and the total blood 
\ olume IS much reduced. 

Of the mineral elements, most attention has been paid to tlie 
chlorides, perhaps because they are so readily estimated. At .an early 
stage chlorides disappear from the urine, while the blood chlorides are 
reduced from the normal of SOO mg % to as low as 830 mg.% 

It IS now recognized, howe\er, that important as is the chloride 
deCcit, the sodium loss is of greater significance, for whereas the 
chloride radicle is promptly replaced bv bicarbonate there is no wav 
of making good the loss of fixed base. 

The loss of water and salts has profound effects, not only on the total 
body fluid, but also on the relative proportions in the blood stream, 
the tissue spaces and the fixed cells These changes are described on 
p. 26. In addition the proteins are depleted, partly by loss in the 
\ omit, partly by Stan alion. As a result of increased protein breakdown 
the non-protein nitrogen and urea content of the blood is raised, and 
m the later stages, this may be aggravated bj impaired excretion due 
to renal damage. 

Effects of Distenhon of the Gut. Tlie distention of the bowel proximal 
to the obstruction is now recognized to play an important part m the 
constitutional upset which results. 

The distention is at first mainly gaseous, due partly to swallowed 
air and partly to the products of fermentation. ^Vhnteve^ the primary 
character of the gas, it soon attains a fairly constant composition, 
containing about 70 to 80% of nitrogen, with the remainder made up 
principally of carbon dioxide and lijdrogen sulphide This is due to the 
fact that these gases are but little diffusable through the intestinal 
wall, whereas ox}’gen, which is highly diffusible, is quicklj brought 
into equilibrium w ith the blood gases 

Distension of the bowel, however produced, maj influence the 
general condition m three ways. Pressure upon the diaphragm if 
severe may affect the action of heart and lungs as is demonstrated 
readily by the prompt improvement which follows gastric lavage. 
Stimulation of afferent nerves m the wall or mesentery of the affected 
loojj.nlays ajiart, not readily observed in ordina^' forms of obstruction, 
but easily seen in an experimental dosed loop, v^ here distension with 
saline, or bj means of a balloon gives rise immediately to pain, nausea, 

V ormting and collapse. 

The most important influence of distension, however, is on the 
exchange of gases and fluids between the lumen and the blood. \Vlien 
a loop of intestine is distended the veins in its wall are compressed, 
particularly at the point where they enter the mesentery. The resulting 
venous stasis impedes the absorption of gas and fluid from the affected 
loop, and indeed may lead to exudation of fluid into tlie wall of the gut 
and the lumen. If a long segment is involved the resultant loss of fluid 
IS considerable. 

The part played by distension of the gut is of great importance 
m relation to treatment, and the value of deflation by gastric drainage 
or by a Miller-Abbott tube introduced into the small mtcslme is now 
well recognized. In the absence of strangulation, deflation combined 
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w jtli fluid replacement will almost completely oLviate the constitutional 
effects of obstruction, and indeed m experimental nnimals with high 
obstruction life can be prolonged by these metlvods for several sseeks 
Intestinal Toxins Formerly a good deal of importance was 
attributed to the depressor effect of toxic substances elaborated either 
nitlim the lumen or m the wall of the obstructed bond, as a result 
either of bacterial proliferation or of bre^ltdo^vn of the protein content 
of the intestinal juices into toxic proteoses The general opinion at the 
present time is that while undoubtedly such poisonous substances are 
formed m the stagnant contents of the distended gut, they can do 
little liarm in view of the limited extent to which absorption can tahe 
place Thej may possibly plaj some part, honever, when the 
obstruction has been reliCA ed and the contents are thus enabled to reach 
healthy intestine from which absorption readily occurs 

Peritoneal Infection A aen factor comes mto play when the bowel 
becomes devitalized, for tlien bacterial toxins from the stagnant 
intestiml contents escape mto the peritoneal ca\it> and are readily 
absorbed mto the blood stream This development occurs at an early 
stage m strangulation, particularly if, os in an mternal hernia, the 
whole strangulated loop lies within the peritoneal cantj It may 
occur also though at a later stage, in simple obstruction where the 
combined effects of distension, venous stasis and bacterial proliferation 
hav e led to ulceration of the mucosa 

Features of Special Types of Obstruction 

Simple Obstruction It ts now recognized that the effects of simple 
obstruction depend to a large extent upon the lev el of the blockage 

If the block is high that is to say, in the duodenum, below the 
bile papilla or in tlie upper reaches of the jejunum the effects are 
principally due to simple loss oC water and electrolytes (and, to a 
smaller extent to the mecJimical results of gastric distension) The 
beneficial effects of gastric drainage and fluid replacement give ample 
proof of this statement 

In simple obstruction at a low level, on the other hand, while loss 
of intestinal secretions remains important, there are ui addition the 
factors wlucli result from distension of extensive portions of the bowel 
and the consequent venous stasis withm the bowel wall These effects 
can only be countered (short of operation), by drainage tlirough a 
Miller Abbott tube 

Strangulation Here to tlie effects of simple occlusion are added 
those of impaired blood supply At first usually the venous drainage 
IS alone involved Consequently tlie affected loop becomes congested 
and heavy with blood and exudate, and if the strangulated loop is a 
large one a considerable depletion of the volume of blood in circulation 
results 

As the obstructing band tightens, consequent on swelling of the 
loop, the arterial supply also is cut off At this stage necrosis of the 
bowel wall sets in rapidly and toxins will then leak into the peritoneal 
cavitj, from which there is ready absorption mto the blood stream 
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As the necrosis proceeds bacteria also gam access and frank peritonitis 
results 

The importance of these factors is well seen by comparing tlie 
progress of strangulation m an internal hernia with that of an external 
liemia In an mternal hernia the toxic changes appear earlv and 
assume gra\e proportions, for the toxms and the bacteria gam direct 
access to the general peritoneal cavitj , on tlie other hand in external 
henna, since there is little absorption from the inguinal or femoral sac, 
the toxiemia may be negligible e\en though the bowel is completely 
gangrenous This must be borne in mind at operation on external hernia, 
when care must be taken to avoid contamination of the general 
peritoneal ca\ ity by the highly toxic and infectn e content of the sac 
E%en more important, it must be remembered that e\en though the 
strangulated loop is not obviouslj non \ lable its return to the peritoneal 
ca'v itj maj be fraught with grav e risk 

Closed-loop Obstruction This type of obstruction is present in 
nearlj all strangulations In its pure form, that is n ithout impau-ment 
of the blood supplj, it is rarelj seen under natural conditions 

Its effect is to aggra%ate the changes already described, particuhrlj 
those changes due to tension wilhm the affected looj> 

Paralytic (Adynamic) Ileus Tins is a special type of obstruction in 
'svhich there is no organic block, but a functional obstruction due to 
paralysis or disordered motility of the bowel It occurs most often 
after abdominal operations and m relation to peritonitis 

The nature of paraljiic ileus is best understood by considering the 
effect of abdominal operations on the intestinal movements It is 
common knowledge that when the abdomen is opened under general 
an'csthesia all movement ceases After opiemtion the paralysis persists 
for a period which depends upon the se\erity of the trauma that has 
been inflicted Under spinal anassthesia, if high enough to implicate 
the splanchnic out flow, the intestinal mo\cments during operation are 
on the other liand exaggerated, but transient paralj'sis occurs later 
when the anicsthesia wears off 

Return to normal peristaltic activity does not occur nomnllj 
throughout the intestines but segmentally, and the common “ gas 
pains ” of the post-operative period arc due to irregular contractions 
witli intervening segments of gas filled bowel 

This physiological response to injury represents paralytic ileus m 
its simplest form In more severe degree it may result from injuries 
causing retroperitoneal h'emorrhoge, from toxic states such as hepatic 
or renal failure or even from the application of a tight plaster jacket 
Ry far the most important cause of paralytic ileus hovvever, is 
peritonitis, due for example to appendicitis or occurring ns a complication 
of operation Tlie precise mechanism vn hereby peritonitis leads to 
paralysis of the bowel remains obscure, but it seems probable that the 
principal factor is direct damage to the nerve plexuses of 'Meissner and 
Auerbach and to the intestinal musculature by toxins diffusing from the 
peritoneum 

Since peritonitis generally affects the lower abdomen and pelvis 
the distal coils of ilcum are most often mvolved, whereas the jejunum 
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escapes unt J a hte stige nie seconders de> elopments tint t ikc place 
•\te similar to those oCa simple obstruction of the ileum to which must 
lie added of course the to\jc and infective complication of the peritoneal 
infection itself Kthe<e effects can be combated b\ fluid replacement 
iritestiml drainage and chemotherips, the panU'sis will recoser in due 
conne and the intestinal motiliU be restored 


INTUSSUSCEPTION 

Intussusception is the invagination of one part of the intestine into 
the part imniediatelj adjoining It maj occur at anj age, but is 
commonest m heallhj males during the first jear of life It is the 
most frequent cause of intestinal obstruction during early life With 
few evceptions the agination of the bowel is from above down* 
wards and usuallr the terminal portion of the ileum is the part 
primarils affected 

^tiologj In the majoriti of cases there is no obvious anatomical 
explanation and there is considerable ev idenee that the underlving cause 
IS derangement of the normal peristaltic oieclianism of the intestine, 
excited bj errors m diet Probablj faulty diet is an exciting factor, for 
intussusception is especially prevalent tn children of the poor, and has 
Its greatest incidence between the fourth and seventh months of 
mfanev when injudicious additions to thechild s dietary are often made 

It lias been suggested that in many cases there is an inherent defect 
m the neuromuscular coordination of the uitestme, such as vrould 
allow a localiretl constriction, once formed to persist unduly, and 
favour imagination into a passive segment of bowel immediately 
beyond In mfanev the inhibitory nervous apparatus is developed 
latest, aod it is apt to lag behind the motor, so that at an earlv age the 
inhibitory activities of the parasyrujiathetie nerves are functionally 
weak and the tonicity of plain muscle outweighs for a time its 
capabihty of relaxation Such inherent nervous disabilities in the 
gut may account for the frequency of intussusception m vigorous male 
babies mth strong musculature as compared with puny children with 
atonic intestines, for its tendenev to recur in some cases and for the 
raiitx of the disease ui adults The neurogenic explanation is supported 
bv the observation that intussusception may occur spontaneously m 
animals after paroly sis of the intramural nerv e plexus of the gut 

Structural peculiarities of the intestine also may favour the dev elop 
ment of intussusception Thus intussusceptions of the ileocafcal region 
arc specially apt to develop if the ascending colon is imusually mobile 
owing to the abnormal presence of a mesocolon , and also lymphoid 
tissue IS relatively excessive in that region and readily becomes 
swollen and congested 

In older children and m adults intussusception is generally mitiated 
by some local lesion sucli as a polypus, a div erticulum, or an inflamed 
lymphoid patch In adults it may licgm at the site of a malignant 
growth, and u then probably brought on by the peristaltic effort of the 
intestine to pass the obstruction 

Atatomy of an Intussusception As one part of the intestine 
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passes mside another the resulting intussusception is composed of 
three layers of intestine — entering returning and receiving , and on 
cioss section these appear as tliree concentric tubes The outer or 
receivmg layer is knoivn as the sheath or tniwisus<npiens, the entering 
and returnmg laj ers as the tnUtssttscepium the most advanced part 
of the mtussusceptum where the entering and returning laj ers become 
continuous is known as the apex the rmg where the returnmg lajer 
becomes continuous with the sheath is known as the neck The 
entering and returnmg 
layers ha^ e their serous 
surfaces opposed but 
usually they are partly 
separated by that portion 
of the mesentery which is 
drawn m as the mtussus 
ception proceeds 

Method of Progression 
The apex of an mtussus 
ceptum IS formed of tl e 
Slime segment of intestine 
from first to last That 
segment is the starting 
point it speedily becomes 
congested and swollen and 
constitutes a partial 
obstruction Tiie peristalsis 
behind it striving to over 
come the obstruction 
drives it onwardsas 
though it were a foreign 
body into the part of the 
intestine beyond invagi 
natmg that part The 
congestion and oedema 
make this apical segment 
so stiff that the inner tube 
cannot roll round and 



become part of the middle 
or returning laj er and 
therefore as the imagina 


Fio Acute intussusception of ileoctcnl 

region 

(DepartmtntoJSvrg y I7i> K ( gefEJni r}h ) 


tion proceeds the middle layer is increased wholly at the expense 
of tlie outer laver or sheath Tlic process of mdravrmg of the 
sheath and consequent elongation of the returning layer is tinre 
tarded until tension is put upon the mesentery, and after that 
onward movement occurs by the stretching torsion or angulation 
of the mesentery at the neck of the intussusception It is probable 
that the intermittent spasniotlie pain characteristic of this disease 
is due to that traction On account of the tension exerted through 
the mesenterj tl c intussusception alters its position and becomes 
curved with its concavitj towards the root of tie mesentery In 
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cases where the inTa<Tnatioa of the bowel is tot great, as when an 
neocMal mhissusceptjon Teaches the tectum, the bowel frequeutk 
forms th“ arc of a circle, the ceolre of which b at the root of the 
m«senter\ and the mcrease m length of the mhissusceptjon is gamed 
bv the spiral torsion of the mesenteries. 

On account of the dragging effect of the me^terv, the apex of an 
intussusception raav become tilted and its onSce oblique or eccentric, 
and the free antimesentenc bolder of the retummg part mav then slip 
down for an inch o- two beyond the true apex. This phenomenon is 
most often observed m intussusception of the Deocffical region and m 
such cases, when reduction is brought about the colic valre will appear 
before the cascum, which is found to be * dimpled ” on its serous aspect 
from being dragged down m advance of the apex. 

Pathological Effects of Intessosception. The most important 
pathological effects of mtussusception are due to occlus'on of the blood 
Tcsseb m the mesenlerv of the affected part of the mtestme, and 
intussusception is virtuallv intestinal obstruction with the nsh of 
strangulatioa (? r ) 

The £rrt effects are congestion and gdcm.'i from the impeded venous 
return thev are followed bv the discharge of blood stained mucus 
mto the bowel and long consumed Tenons stagnation leads to 
thnmbotis. The oedema is most marhed at the apex and in the 
returning laver th- apex becomes swoDen and laiob^hap^ and mav 
fo"n an obstacle to rednetioii. FiaaDr pressure i> sufficient to occlude 
the artenes and then necrosis and gangrene of the invaginaled bowel 
en*’ “ The ntahtr the sheath is seldom imperilled \s a result 
of iS‘*cros « perfomtioa of th* bowel mav occur In rare cases after 
gangrene has se^ in the necrosed mtussusceptum mav be extrnd-d 
from the bowel as a dough, resulting m spontaneous cure. 

The rap*di*v of these changes vanes and, therefore, acute, subacute, 
and chronic tvpes of mtussusc^hon are rtcc^nized 

Speexa] Tjpes of Intnssusceptioa 

(c) Ueocolic IS the commonest van^’wef intussusception espeaallv 
m infants. The mvsgmation usuaDv begins m the last few indies 
the Oetm and the apex passes through the il»“ocacal onSc- As the 
intussusception increases at the expense of the colon the ffeocsecal valve 
and the appendix become mv^msted — iliaco-neoeobc tvpe. 

(6) Entenc intnssusceptiOES, ongmating in the small intestine, arc 
rar* in infants but mav occur in adults as a result of the presence of 
a tumour 

(c) Double intussusaptjons are those in which the sheath has 
become fo’ded upon itself Tbev a'e almost invanablv found m 
intussuscep» ons begi nn ing- at the lower end of the Denm or at the 
ileoc*cal valve Tnple m^ussusceptroa also mav occur 

(d) Retrograde mtasstaceptioiis are those in which th- lower part 
of the bowd is invagmated into the part above. Thev have been mos* 
often found in 0 e jejunum and la the transverse and descending colon, 
‘^metcres thev have been observed at post morteu following a blow 
on the abdomen The intussn<iTption mav be multiple Sev^l cases 
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of retrograde intussusception of the jejunum into the stomach through 
the orifice of a gastro jejunostomy have been reported {see p 472) 

(e) Chrome intussusception may occur as a primary condition in 
infants and in adults It is usually of an ileocolic type The intussus 
ception may persist for months or even years Adhesions may form 
between the mvagmated coils of intestme and render it irreducible, but 
often there are no adhesions Ulceration of the implicated coils of 
intestine is common and the sheath may become perforated at several 
points Chrome intussusception gives rise to paroxjsms of intestinal 
colic attended by tenesmus and mucoid discharge from the colon It 
may culminate in acute obstruction 

{/) Intussusception of the appendix is very rare The invagination 
may begin at any point in the appendix, or partial or complete inv ersion 
of the appendix into the caieum may occur followed sometimes by 
colonic intussusception In some of the reported cases, pathological 
conditions of the appendix, such as new growths, mucocele and concre 
tions, have been responsible 

TUBERCULOSIS OF THE SMALL INTESTINE 

Tuberculosis of the small intestine is not uncommon It affects 
especially adolescents and young adults, and often it is accompanied 
by tuberculous lesions in the peritoneum and m the mesenteric lymph 
glands 

The disease is most common in thesubjects of pulmonary tuberculosis, 
and IS then attributable to infection by swallowed sputum It is 
usually a grave complication Sometimes there is no obv lous affection of 
the lungs, and m such cases a milk borne infection maj be responsible 
The distal part of the ileum is affected most often, for this is the 
most actively absorptive part of the gut and, m addition, is the part 
most richly supplied with lymphoid tissue The disease arises first in 
the Peyer s patches and spreads thence to the neighbourmg parts of the 
intestinal wall, formmg ulcers of typical tuberculous characters, with 
pale granulating bases and undermmed edges The ulcers extend in the 
direction of the lymph drainage and consequently they become 
elongated and he at right angles to the long axis of the gut Sloughing 
IS much less m evidence than in typhoid ulcers 

Tuberculous ulcers of the intestine rarely perforate, and their chief 
surgical importance lies in the fact that in healing by fibrosis they tend 
to constrict the lumen of the gut and to give rise to strictures Such 
strictures may be single, but often are multiple Since the intestinal 
content is fluid they give rise to no symptoms during a long period, but 
eventually they tend to cause chronic and finally acute obstruction 
Obstruction may be precipitated by the impaction of a foreign body 
such as a fruit stone, a gall stone, or inspissated faiccs 

Not infrequently in its acute phases a tuberculous ulcer of the 
intestine may lead to infection of the peritoneum and to the formation 
of peritoneal adliesions, and these subsequently may gne rise to 
symptoms by exerting traction upon the intestine or by causma 
obstruction All these manifestations are ik)W rare 
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ulcers of the small intestine 

Apart, from peptiC ulcers of the duodenum and tuberculous ulcers of 
the ileiun, ulceration of the small intestine is somewhat uncommon 
In the majority of cases it is attributable to some definite predisposmg 
condition, and m this category come jejunal ulcers after gastro- 
jejunostomN, dssenteric and typhoid ulcers, mabgnant ulcers, and, 
rarely , stercoral ulcers m the mlestme proximal to an obstruction 

There remains a rare but interestmg type of ulcer, the so called 
simple ulcer of the email tnlestme This is a shallow erosion, which affects 
especialK the ileum and generally appears to arise m one of the Pey er’s 
patches It appears to have an especial tendency to perforate acutely, 
when it gives rise to fulminating and often fatal peritonitis The cause 
of such ulcers is not known In some cases microscopic examination 
gi^-es eindence of hcterotopic gaslnc mucous membrane m the small 
intestine and it is possible that the ulcers may be due to such an 
anomaly and be thus comparable to peptic ulcers of the stomach or 
the du^enum In other cases the ileum contains fxcal masses that 
hai e regurgitated through an incompetent ileocsccal sphincter, and the 
ulcer may be attributable to the abrasion and infection thus induced 
In others again the ulcer mav result from regional deitis {tee below) 

REGIONAL ILEITIS 

Tins IS a nou specific mOammatory process involiing a limited 
segment — from a few mches to a few feet m length— of the intestinal 
tract It would appear that the disease has become commoner during 
the last decade In the majority of cases it alTects tbe terminal part of 
the ilernn, sometimes encroaching upon tbe ileocmcal vah e and csecum 
Less often it affects a segment higher m the small intestine or m tbe 
colon 

At first there is n subacute inflammatory reaction in the wall of the 
affected part, which becomes swollen tntb cedema and sery congested 
The mflamniation progresses to ulceration of the mucosa and subse 
quently to fibrosis with formation of multiple strictures In seicre 
coses the ulcers penetrate deeply into the uitestmal wall, and they 
may perforate giving nse to a fulminating form of diffuse peritonitis 
More often the uitlamed part is walled in bv adhesions of omentum and 
adjacent intestmal coils, so that when the ulcer perforates a localized 
abscess results Such an abscess is very apt to spread to the surface and 
burst, ginng nse to a fscal fistula — a comphcation which is especially 
apt to occur after an exploratory operation 

The naked eye appearance is diaractenstic In the florid, active 
stage the affect^ loop of mtesUne is swollen, soft and spongy with 
oxlema, and is greatly congested The adjacent mesentery also is 
cedematous, and contains numerous enlarged glands of soft fleshs con 
sistency \\ hen the intestine ts opened, its mucous membrane is seen 
to be swollen and inflamed, its vilb and folds submerged m the general 
cedema Multiple irregular ulcers arc generally present, and the inter 
% ening mucous membrane ina> present swollen tags like inflamed polyp 
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In tiie later stages the congestion and oedema are less marked and 
the segment becomes tough and fibrous with multiple strictures At 
this stage it closel> resembles the hyperplastic form of ileocsccal 
tuberculosis 

Microscopic examination reveals 
various degrees of acute and sub 
acute chronic inflammatory change, 
non specific in character There is 
an infiltration of inflammatory cells 
and according to the stage of the 
process polymorph leucocytes, Ijm 
phocytes or plasma cells maj pre 
dominate In the chronic phase 
foreign body giant cells maj occur 
They are liable to be mistaken for 
tubercle giant cells 

The cause of regional ileitis is 
not fully understood It has been 
attributed \ ariously to streptococci, 
coliform and djsenteric organisms, 
and more recently to sarcoidosis 
At present proof of a specific infect 
ing agent is lacking 


TUMOURS OF THE SMALL 
INTESTINE 


The small intestine is an un 
common site for tumours Simple 
papillary adenoma, either single or 
multiple may grow from the mucous 
membrane and form poljpoidal 
lobulated growths Leiomyomata 
ocewt, and ase often mnltiple 
They form rounded, pedunculated 
tumours which project into the lumen of the gut Thej raa} 
undergo malignant change andgi\c rise to leiomjosarcoma Fibroma, 
lipoma and lymphoma and argcntophil tumours inaj occur Tlic 
special importance of simple tumours of the small intestine is that 
thej frequently give rise to intussusception Indeed, the vast majoritj 
of intussusceptions occurring after infancy are due to this cause Of 
malignant tumours an adeno carcinoma is the most common It 
occurs m the ileum more frequentl> than in the jejunum and forias 
a small white scirrhous growth which tends to encircle the gut, and 
may form a complete ring stricture Since the intestinal content is 
fluid sjmptoms of obstruction develop onlj at n late stage Sarcoma 
also ma> occur in the small intestine either os a pnmarj growth 
generall) a lymphosarcoma, or as a injosarcoma developing in a 
simple muscle tumour Sarcoma tends to form a more massive growth 



Pic S3C Curcinomaofthcjcjunuin 
Tile tumour is of scirri ous 
nature nnd forms u small pale 
luint mass which 1 as encircled 
the gut and has given rise to a 
very narrow stricture 
{Departmtnl o/ Suiyfry Vn rrn ty e/ Bdtvbtirgh ) 
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»n4 £ nr/^ it irj*^ e5r::«t?a^ tb* tc'o^ rt fa Et^to jr^rsfa* 
t/> oh''*m<’iyj'i. 

Ar^eofafihie Tcn»=rs cf li» £=all I.T^frirv:. THs c' 
rt^tnhU-^ 1) *■ cs'c'jyjid tjf tb^ appTjii srd cs c c^ : y > 3 

JH Ih'’ UnntTUiX pfjHyj ’2 <,! ib^ il*-^jja wh.'T* it ss c*tes fc» 

tAriniflifjn, Jt ia.% ccnintd n s dircrtkcbn::. Aa arreilaSs- 
tiiiriour r'^nfji'^ a «a»cmor» tn that it larsdes tls» tisssis l<7caBy ard 
in ly f'ytffvl into r^wnal lymph glands Hie tnmoar fa ytScnr in 
i//lour Hful of fjfM consMten^' without any t«id«icj to c^crtss 
ICxfxrHiu lias pro%«l that reraoral of the tumour and of mvsd^ 
ly/fipli pltii'fa gues permanent immunity to recurrence, unless, as 
run ly, Uif liver is invoh td. 

RMKRIC PNEUMATOSIS (Gas C>-sts of the Infestme) 

] Ills riirt f/tiuitti'in is cliaracterrzcd hy the development of maltip’e 
ir(i«v Kiiiliiiliirig cyhU In the eubscrous coats of the mtestme. The evsts 
III prill' Ip illy 111 rtinlion to the ileum, hut not uncommonly they extend 
iiVfrtli' wlioli I'ligtii of thc«mnll intestine or e\en over thecjKumand 
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Gas cysts are rare in man, and are usually found by chance on 
exploration of the abdomen for gastric or duodenal ulcer or, less often, 
other diseases. Occasional!}' cjsts of similar nature occur in the ^ agmal 
\vall in pregnancy 

Enteric pneumatosis gi^ es rise to no symptoms, and is of no clinical 
importance, but its puzzling aitiology has attracted much speculation, 
and se\eral ingenious theones ha\e been advanced It has been 
suggested that the gas is a product of aerogenic organisms, but this is 
not supported by bacteriological evidence Many authors ha\ e suggested 
that the origin of the c}sts is mechanical, and that gas of mtestmal 
origin is forced through minute fissures m the raucous membrane as a 
result of a omiting, or irregular peristaltic action, but against this i leu 
IS the absence of intestinal flora irithm the cysts 

Slasson in a valuable paper has supported the vien of a chemical 
origin He affirms that the cjsts are dilated lymph or chyliferous 
channels, and that the gas is derned from chyle b} chemical interaction 
with acid products of intestinal fermentation In support of tins view 
he points out, flrstl}, that chyle contains large quantities of carbon 
dioxide in the form of alkaline carbonates, and, secondly, that gas cysts 
occur most often m conditions associated with increased intestinal 
acidity Presumbly a carbon dioxide set free m this manner is 
subsequently replaced by nitrogen diffused from the blood, just as 
OX} gen introduced into the pleura! cavity may be replaced. 

It IS interesting to observe that enteric pneumatosis is common m 
swine fed on dairy refuse, and it is thought that the large quantities 
of hctic acid consumed pro^ ide the basis for the gas production 
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CHAPTER XX\ 

DISEASES OF THE COLON 
CONGENITAL ABNORMALITIES OF THE COLON 


Congenital Microcolon 

In this rare condition tne entire colon with the exception of the 
rectum is extremely small, and its lumen may scarcely admit a quill 
Though reduced in calibre its anatomical structure is perfect , it is a 
colon m miniature The ilcociecal lalie is normal but the small 
intestine is hypertrophied and contains putti like masses of mecomtim 
Other congenital abnormalities such as atresm or absence of a segment 
of intestine may coexist 

Although many theories have been adianced, the origin of con 
genital microcolon, like that of other developmental errors of the 
intestines, is not understood The condition results in acute obstruc 
tion soon after birth Ileostomy offers the only means of rebef, but in 
the early days of life leads to progressiie dehidrotion which is not 
sun ived 


Congetutal Megacolon (Hirschsprung’s Disease) 


The outstanding feature of this disease is that the colon, which is 
dilated and hypertrophied, is from birth or soon afterwards unable to 
evacuate its contents in a normal fashion, although there is no organic 
obstruction of its lumen Male children are affected more often than 
females in the proportion of five to one 

Morbid Anatomy The dilatation of the colon is usually most 
extreme m the sigmoid portion and in about 37% of cases is confined 
to that part In 34% of cases the upper part or the entire rectum^ is 
also affected In others the dilatation may extend to the descending 
or transi erse part of the colon, and in about 25% it reaches the ileo° 
caical \al\e The small intestine, honeier, is neier affected Cases 
have been observed m which only the proximal parts of the colon 
(ascending and transi erse colon) haie been affected In many cases 
at least 10%, there is an associated dilatation of the bladder In 
exaggerated cases tiie dilated colon may haie a diameter of 15 centi 
metres or more In addition to dilatation, the affected part of the 
colon shows great hy^pertrophy ofits walls, chiefly of the circular muscle 
the tamtai are less eiident than normally The serous coat also is 


» Hurst believed that In nearly all cases the obstruction {due to acliaK^.ai .. 
situated at the sphincter ani and that the thick walla of the fixed rectum i 
readily tlian the relatn ely thin coaU of the free!} movable pelvic colon so^thnt 
r«tum especially US lo« er half docs not show the same degr« of dilatatmo 
claims are supported by the finding of mnseula* hypertrophy of the rectnm .1* 
large proportion of the cases which have been examined po t mortem " “ 
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thickened, and the mesenlen of the colon is elongated to a considerable 
e-rtent, and its % essels and nerves are hypertrophied 

The colon is greath distended, a^ravated b\ the accumulation of 
gas It usually contains a large quantity of pultaccous, scvbaloas or 
offensive fsces The mucous membrane is cedematous and in a state of 
chronic catarrhal inflammation, and is often ulcerated 

ilicroscopic examination of the wall of the colon shows enormous 
hvpertropbv of the circular mnsde, and a ranahle degree of chronic 
interstitial colitis, evidenced bv fibrous tissue hvperplasia and round-cell 
inlUtration D^enerative changes m the intramural ner\e plexus 
(kuerbach) have been frequently observed, but whether primary or 
secondarv is still debated 

Whether the distal limit of the dilatation is at the peln rectal 
junction or the mternai sphincter of the anus there is no muscular 
hypertrophy at these points, nor u there any evidence of mechamcal 
or spasmodic constriction This fc» indicated bv the observation that a 
finger or an instnunent mav be inserted beyond them without en 
countermg resistance 

Pathological Effects Obstinate constipation is the most obvious 
effect of congenital megacolon Many davs or esen weeks may elapse 
without an eyacuation of anj kind being secured, and rchtf is usualh 
obtamed only by extraneous help In some cases a certam amount of 
loose offensive fecal matter ts passed each day , but constipation stiU 
persists and the bulk of the mtestmal contents is often retamed , lHewiso 
fluid mtrodueed mto the colon bj a rectal tube is retamed 

Megaeoloo. vanes la degree and \n the age at wh\ch vt become* 
evident In many, gross distension of the aldomen and MSible pert 
staltie woyes are present m the first few weeks of life In others, 
progressive tumidity and obstinate constipation persist during montlis 
or y ears. In less severe cases, the only signs of the affection mav be a 
slight, persistent abdominal distension and chronir constipation, which 
may persist into adult life. 

As the disease progresses, distension ma\ assume immense proper 
tions and the abdominal muscles become thm from stretching, the 
diaphragm (especially on the left side) greatly eleiated, and the costal 
angle widened and its margins eyeited The general nutrition suffers, 
and emaciation, ansmia, and dehilitv ensue. If untreated a fatal issue 
frequently results in childhood from toxscmia and aiucmia Sometimes 
complications such as perforation of the colon, mtestmal obstruction 
from strangulation, and mtussusccptiou doelop, and ustiaUy proie 
fatal 

^bology It is now gencraHv agreed that the dilatation and 
hypertroph} in megacolon are not due to mechanical obstruction as bj 
valves or by kinkmg of the colon. It is true that the pelyn rectal 
junction maj become kinked, but this is believed to be caused bv 
sagging of the elongated colon and is a result, not a cause of the 
obstruction 

The explanation most compatible with the pathological and clinical 
features is one which relates the disease to neuro-muscular mco- 
ordmatjon resultmg from a relatjyesyTapathetic overaclion The distal 
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part of the colon, like the rest of the ahmentety canal, is controlled by 
the autonomic nenous sjstem, from which it receives both para 
sympathetic and sympathetic fibres Its parasympathetic supply, 
which IS propulsive m action, is derived from the pelvic visceral nen es 
which emerge from the sacral nerve roots; its sympathetic supply, 
which maintains the normal tone of its sphincters, is dern ed mainly 
from the lumbar splanchnic nerves of each side, and is distributed 
along the mferior mesenteric artery and via the hj’pogastnc plexus 
In congenital megncolon it would appear that the normal coordination 
between the two sj stems — emptying and filling — is disturbed, and that 
there is a relative overaction of the sympathetic which exaggerates 
the normal tone of the sphincters which remam closed, not from 
spasm, hut from inability to relax Recent clinical and experimental 
observations have substantiated tlie validity of this hj'pothesis 
In megacolon, elimination of tlie sympathetic nerve fibres of tlie distal 
colon is generally followed by relief of the obstruction, but the long 
established distensibility of the colon persists 

ILEOCiCCAL TUBERCULOSIS 

Compared with the small intestine the colon is rarely the site of 
tuberculosis, and when infection occurs it is almost always of the ileo 
ciecal region The resulting lesion mimics cancer very closely, but its 
pathological features arc very characteristic It assumes a chronic 
and hyperplastic form, and occurs m adults between the ages of 
twenty and forty years It is rare under ten jears, and still more so 
after the age of sixty For a reason that is not obiious females are 
more frequently the subjects of this form of tuberculosis than males 
Often there is a fimihal history of tuberculosis 

i^ltiology It IS generally conceded that this variety of intestinal 
tuberculosis constitutes a primary lesion, in that there is rarely an\ 
ciidence of actiie tuberculosis elsewhere ^^^lereas tuberculosis of the 
ulcerati>e tjpe in the small intestmc is of quite usual occurrence m 
patients w ith pulmonary tuberculosis, ileocxcal tuberculosis is a erj rare 
It IS suggested that wigostion of tubercle bacilli is the common mode 
of infection The occasional presence of ulcers m the colon, infection of 
the mesenteric lymph glands, and coincident strictures in the small 
intestine lend nuld support to^this mode of origin The bovine type of 
tubercle bacillus is held to be responsible 

Morbid Anatomy. The process begins m the submucous or subserous 
coat of tlie colon, where follicles deielop amidst an area of round cell 
infiltration Tubercle bacilli cannot be demonstrateil, and it is for that 
reason that some observers hoie doubted the specific nature of the 
disease and ascribe man> examples to chronic regional enteritis, which 
it certainlv resembles in manj respects Tissue reaction causes abundant 
proliferation of fibrous tissue, especially in tlie submucous layer, but 
often pcriadmg all the coats Fibrosis is the outstanding pathological 
feature of the affection, though caseation may occur, but is aery rare 
The disease generalK starts in the excum and it may extend towards 
the hepatic ficMire The ileum is sometimes inaoUed, and the 
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appendLv which is often retracted towards the c.Tcum so that it is 
scarceh recogmrahle, seldom entireh escapes. 

Tlie' diseased portion of the colon shows general thickenbgand coa^ 
ness of all its coats, which with much deposition of fet and infiltration 



wall of the cfcum and of the dt^al 
part of the ileum is Rreatlr thicLeoed 
as a result of fibrous and fattT 
infUltanon. The ileum enters the 
CTcum at a %en obtuse ao»Je 
Acute obstruction followed im. 
paction of a plum stone at the 
stneture 


of the mesocolon may gtt e rise to 
an obrious tumour. Contracture 
of the mesenteiy causes puckering 
of the bowel, which becomes fixed 
and rigid, and the colon becomes 
shortened and drawn towards the 
liver, and, as a result, the ileo- 
ca?cal angle becomes obtuse. The 
adjacent lymph glands are usually 
enlarged and may be caseous or 
calcified. 

From confrnetion of the fibrous 
tissue the lumen of the colon is 
reduced to a narrow channel, some- 
times at a loealixed area, but more 
often over a considerable length. 
The cobc ^Tilve is shrivelled and 
rigid, and may be difficult to 
identify. The small intestine often 
ts affected by multiple strictures. 

The raucous membrane of the 
colon IS thick and erdematous and 
commonh is thrown into polypoidal 
folds Somctuncs there are large 
superficial ulcers with rather raised 
edges, situated either in the affected 
part of the bowel or somewhat distal 
to It ; cicatrisation of these ulcers 
may produce strictures of the lumen 

A combination of tuberculosis 
and carcinoma has been observed in 
3 numberof instances, and generally 
it would seem that a tuberculous 
mfcction had been the primary 
lesion and the cancer of later 
development. 

The effect of fleoeaxal tuber- 
culosis isusualh tocauseobslrtirtion 


but acute sj-mptoms may be long 
deferred In some acute obstruction has followed impaction of forci-m 
bodies such as a gall-stone or fruit stone Perforation of a tuberculous 
c*c«m IS rare Diagnosis of ilcocaxal tuberculosis may be dimeuU 
on account of lU close resemblance to cancer. DiarrhcKi and mclTna 
are seldom present. Formation of a cold abscess or of a f.eca! fistula 
ses eral montlis after removal of the appends is not an uncommon was 
in whidi tJie unilerhing dr«ease maj be resealed. 
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Chronicity of the symptoms, often with long periods of intermission, 
may help to suggest the diagnosis A barium enema may prove 
helpful by indicating stenosis of the colon o\ er an unusually wide area 
and the approxmiation of the ileocsecal region towards the costal 
margin 

At operation recognition of the tuberculous nature of the lesion may 
be impossible, unless some additional feature such as caseous glands or 
stricture of the ileum is present to lend confirmation 

As the effects of this tj^ie of lesion are mechanical extirpation of 
the diseased segment of intestine is the method of choice , and, as the 
lesion is generally an isolated one, surgical treatment has no contra 
indication 

Tuberculous Colitis In rare instances the mucous membrane of 
the colon becomes the seat of mdespread tuberculous ulceration It 
affects the distal colon and the rectum, which become greatlj thickened 
and cedematous Though resolution may occur, the disease tends to 
pursue a very chronic course and often leads to widespread stenosis of 
the bowel Cold abscesses and fistulae complicate the disease in manj 
instances 


DIVERTICULA OF THE COLON 

Diverticula of the colon are present m at least 6% of patients over 
forty jears, though they may produce no symptoms and ore often 
discoa ered accidentally 

Diaerticula occur in adults, and males are affected more often than 
females in the proportion of 2 l The pelvic colon is the commonest 
site and may be the only part affected, but quite frequently the trans 
verse and the descending colon are involved The csEcum and ascending 
colon are seldom the site of diverticula 

The early features of the disease shown by repeated radiographic 
examinations, suggest that there arc three stages in the development 
and progress of the disease (1) a pro diverticular stage , (2) a stage of 
formed diverticula — diverticulosis , and (3) a stage when mllammatorj 
changes have occurred— diverticulitis The early stage maj benotedto 
pass gradually to a more advanced one or all stages maj be present in 
different parts of the bow el or in a segment of it 

/Etiology Tiie common occurrence of diverticula at potentially 
weak points m its wall, such ns the point of entry of blood or IjTnph 
vessels, supports the belief that they are of the nature of pulsion 
diverticula, formed as a result of abnormal pressure within the bowel, 
augmented, majbc, bj bacterial infection of the walls and spasm of its 
circular muscle fibres 

Constipation has been blamed as an important factor m the pro 
duction of diverticula, on account of the increased tension it imposes 
on the wall of the colon, but it is present m onlj lialf the cases 
Spriggs believes that imtation caused bj injudicious purgation with 
resulting stagnation of liquid f-eccs in the sigmoid is a more likelj 
cause 

The frequency of diverticula m stout subjects suggests that 
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infiltration of the muscular coat of tlie colon n itli fat leads to localized 
weakness which favours pouch fonnation 

Irremhr sustained contraction of the colon precedes the formation 
of dn erticula as idenced by the radiographic appearances of early 
cases Probably in many subjects an inherent 
^ w eakness of the walls of the colon predisposes to 

9^ the occurrence of di\ erticula 

I Pathological features Early stages of the 

formation of diverticula are best demon 
strated m radiograms after a barium enema 
One of tbe first changes is that the affected 
part loses its normal segmentntson and 
presents a more rigid and spastic outline 
Small bead like projections of recently formed 
pouches may be detected at several points 
and after a variable period diverticula may 
appear in parts of the colon which previously 
sliovveil only spasticity In the early stages the 
pouches arc globular m outline and their necks 
relatively wide which allows ftecal matter to 
enter and leave them freely Eater the pouches 
are flask shaped and their necks are com 
paratively narrow 

In the early stages the only evidence of 
diverticulum formation is a slight superficial 
corrugation of the serous surface of the bowel 
In typical cases at a later stage, the colon is 
studded with pea like projections often coated 
with fat Only the larger pouches are detect 
able on the exterior Any part of the circum 
ference of the bowel may be affected but points 
of entry of blood vessels and the appendices 
epiploica; are favourite sites and the txnie 
coh are rarely affected Each diverticulum 
consists of a protrusion of mucous membrane 
into or through the muscular coat, and in all 
but the smaller pouches muscle fibres are pre 
sent only at the neck Pellets of inspissated ficces sometimes form 
m the intenor of diverticula (slercobrtis) and may cast a shadow 
visible on radiography Seen from the interior the moutlis of the 
diverticula may be circular or si t like but more often on account 
of inll^matory cedema of tbe mucous membrane they con be dctcctctl 
on y when the bowel is stretched or when fecal matter is expressed 
from them Localized thmnrog of the colon is noted at the neigh 
bourhood of the most recently formed diverticula 

Secondary inflammatory changes in Oie walls of the diverticula 
(diverticulitis) and in the adjacent colon (peridiverticulitis) are com 
mon and it is from these changes that symptoms commonly arise 
The mflammatory changes are often dight and are associated with a 
round cell infiltration and fibrous tissue proliferation, and what is 
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and all tl e coats are 
the seat of fhrous 
tusue prol feration 
(By emirtttv of Ji[r J IT 
S ru Kni J 



DIVERTICULA OF THE COLOh 


513 


\ ery charactenstic, the accumulation of quantities of fibro fatty tissue. 
The overgrowth of fibrous tissue and fat is most evident in the appen- 
dices epiploicaj, m the mesenteries, and in the subserous or the sub- 
mucous coats of the bovel and is often so great as to conceal the 
di\erticula completely Contraction of the newl> formed fibrous 
tissue maj lead to stenosis of a segment of the colon, or ma\ 
im oh e a considerable portion, ’ ^ 

giMng it a rope like and rigid 
appearance When stenosis becomes 
extreme, acute or chronic intestinal 
obstruction may result Similar 
changes cause shortenmg of the meso 'TS 
colon and lead to abnormal fixation or 
to angulation of the colon, and in T 
crease the difficulties of operation 1 
Contraction of fibrous tissue around f 
the neck of the duerticula leads to 
retention of fecal matter and fa\ours 
the occurrence of inflammation Ulcer- t' 

ation of a diverticulum by infection | 

may terminate m perforation and lead 4 

to general peritonitis, or more com- 
monly a localized abscess The abscess 
usually points in the left iliac fossa, 
but it may perforate the bladder i 

and form a coloaesical fistula ^ 

In rare instances cxtraperitonenl 

rupture of a di\erticulura leads to C 

emphj-sematous cellulilis, and the ,,oo,o i.„,uo,. ot sim= 
infection may follow fascial planes and men as clepictwl m I ig 230, to 
reach the thigh orifices of the divertl 

Acute exacerbations are apt to 
occur in diverticulitis, and are oilen 

associated with 0 mild degree of local peritonitis w ith attacks of pam 
V?. U’A Vtft v/it <af 




Subjects of diverticulitis commonly suffer from lumbago, from 
spondylitis, and from other chronic lesions of ligaments and joints 
Differentiation from malignant disease is difficult when diver 
ticuhtis gives rise to a palpable tumour Cancer and diverticulitis hav e 
been coexistent occasionally, but the association is too infrequent to be 
of practical importance In diverticulitis great help is obtained from 
radiographic examination after a barium enema barium may be 
retained m diverticula for many weeks 

Ihc pathological changes m connexion with diverticulitis may be 
so widespread as to preclude resection, while the infection of the bowel 
wall renders it unsuitable for primary suture 

Congenital Diverticulum of the Czccum Tins tvpe of diverticulum 
IS rare It is solitary and emerges from the colon on its medial aspect 
immediatelj above the ileocascal valve It is of developmental origin 
usuallj small, and has a complete covering of muscles Tfic neck of the 

l.tlTB 17 
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I'Tert’LU, ai> is narrow, a factor which predisposes it to inllammator' 
cocipLcation> .-- nn.b.r to those in appendicitis. In some instances the 
direiiiCtiTam becomes uisepaiahN bound to tfie co/on and a 
dcTe’oTXs wmch may simulate carcinoma. 


SL'IPLE TU.'IOURS OF THE COLO.N A.VD RECTUM 

Jji I L t lOiu ectnc-tissue tumours ate rare in the large intestine. .K 
'■iM luc^us 1 poraa is commonest and generally occurs in the cjecum, 
where it may give rise to 
obstruction or simulate 
appendicitis. 

Commoner and more im 
portant are the epithelial 
tumours, which take the 
form of papillomata. Dukes 
found that in 127 subjects 
post mortem they were pre- 
sent In 10%, the mczdencein. 
creasmg after the ageof/orty. 

Papillomatous growths 
vary* in appearance, and three 
tj'pes may be recognized: 
(1) a smooth pedunculated 
polypus ; (S) a villous papil- 
loma ; and (3) dilTtise polj > 
posts. 

A pedunculated poi}pUS 
occurs frequently in the 
rectum of children. Aruing 
as an adenoma of the mucous 
membrane it becomes pedun- 
culated as a result of 
peristalsis and it may be 
protruded at the anus. Its 
surface is smooth or mul- 
beer}--l3^e sad its colour paik 
or red according to the 
degree of congestion. In 
Carcinoma or tLe ctJon children this tumour, which 

row^. Sole the podoar-'--*’ Jr, 

it tumour. 



<ir<T»er 


ts adenomatous in structure, 
■ simple; but in adults it 
shows a tenden< 5 ’ to become 


A sDJous papilloma mav ht- n»f malignant. 

fmmtbnof/pLheadtoa 

shaggy, or mammiUated. \ ^ 

be several hundred scattered JS- n sohtary, or there may 

Slicrosconic examir^of,., ^ ° of the colon. 

n shows ejHUjgin^a composed of columasr 
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cells supported by a core of connective tissue derived from the sub 
mucosa The blood \ essels are thin walled and often dilated 

Diffuse Polyposis hen the colon is covered diffusely by papiUo 
mata the resulting disease is known as diffuse or multiple polyposis or 
colitis polyposa The polypi are preceded by a generahsed hj^iertrophy 
of the mucous membrane and submucosa, as though it were the seat of 
irritation The descending and pdvnc parts of the colon are the 
most often affected, but the accum and rectum may sometimes 
be involv ed 

Diffuse polyposis is a precancerous condition It is common in 
cliildhood Nothing definite is known of its aitiology, but it is well 
known that it is often hereditary, as also is tlie predisposition to cancer 
The pclj^posis IS accompanied by a variable degree of colitis, so that 
diarrhoea with blood m the stools is usual and may lead to great 
depletion 

Relation to Cancer Polypi and cancer in the colon frequently 
coexist In specimens of cancer of the colon removed at operation 
Dukes found papillomata m 75% they occurred generally adjacent 
to the tumour and were often numerous Thus it appears that the 
association of benign papillomata and cancer m the colon is very 
important and more than accidental 

That a simple papilloma may occasionally become malignant is 
knoivn, but more often the malignancy develops elsewhere in the bowel 
The catpenenccs of Lockliart Mummery afford evidence that an adenoma 
may herald the development of caremoma in a senes of 50 cases, 
observ ed and treated for many y ears, carcinoma dev eloped in no less 
than twelve 


CANCER OF THE COLON 

Tlie colon is frequently affected by cancer The disease arises in 
later life, and is usually of slow progress and metastasizes, if at all, at a 
late stage Occasionally it affects younger persons and then progresses 
more rapidly and disseminates earlier 

In over 40% of cases the tumour affects the pelvic colon, less 
often it affects the ascending, the transverse and the descending colon 
(in that order of frequency) The caecum proper (t e , the portion of 
the colon below the ileocxcal valve) and the splenic flexures are each 
affected in about 5% of cases The hepatic flexure is a rare site 
Occasionally there arc two or even more tumours, apparently distinct, 
either a few centimetres apart or in different portions of the colon 
Rarely the removal of one tumour is followed several months or even 
years later by the development of a second or even a third “ primary ’ 
growth 

Microscopic Structure The carcinoma has the structure of 
columnar cell carcinoma, and the histological features vary some 
what according to the degree of differentiation of the cells and 
the amount of fibrous tissue stroma Generally the columnar cells 
arc arranged m irregular acini, but sometimes the acinar arrangement 

n-j 



516 


diseases of tee cow\ 

IS lackiog snd thev b- m <obd groups, intttSpersed with a scaatv 
ateolars^ma \otinfrequentlr the tumour undergoes macojd(«>lIo d) 

degenerat^n and this character isusuatlvTeprodueed in mctastoses 


Types of Cancer of the Colon 


\c«>niia 5 to their naked-eve characters, two principal tvpes of 
cancer of the colon are recognized, (1) the proliferative tvpe, (2) the 
annular '^leronng tvpe The second is the commoner, although 
intermediate t%'pes are Sequent 

(1) The pn)Uferah\e tt-pe occurs nsuallr m the cecum or the 
ascending co'ot, less o^en in transverse and distal colon It is a bulkv 

tumour, whidi pro- 



jects into the lumen 
as an uneven, nodular 
mass. Its surface 
ulcerates, leading to 
hxmorrhage and in 
fectjoa The tumour 
does not encircle the 
bowel, but obstructs 
rather in virtue of its 
bulk Since the 
prosmal part of the 
colon IS capacious and 
its contents Quid, ob- 
struction does not 
supervene imtfl late, 
and in some the onlv 
effects during a long 
penod are aiuenua ard 
cachexia aggravated 


*15. ^dcIx>varm]o=la of the coloo. Tb« infection Theim 


and the adjacent in 

fiamed mucous membrane mav lead to Hiar r h rf^a with abundant mucus 


m the stooL 


(2) The an n iib . r tj^pe occurs m its characteristic form m the distal 
part th» bowel espeaallv in the pelvic colon but it ina% 
occur more pronmallx, for example, in the transverse colon or at th' 
nud part of the ascending colon It g * o w5 slowli, and forms a small 
tumour which does not project much into the lumen, but infiltrates 
the wall of the bowel, encircling it On account of the slow mfiltrating 
charact«^ and the awxHnpanvu^ fibrosis the tumour leads to a localized 
constn-tion of the cofon, as bv a cord {t^nng s^ntiurr) On the mucous 
surface the growth remains circiunscribed, with btUe lon'-itudinal 
extension and ulceration mav be long delaved and nei et ven e^ensive 
The affected part is rendered stiff and its lumen ma\ be reduced to a 
ver\ fine channel 


On account of tlie ab«^nce of mu^di ulceration thi» tvpe for long 
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gives rise to little disturbance of health and generally the first effects 
are progressive and ultimately acute obstruction 

Pathological Effects 

Alention has been made of se\eral of the effects of colon tumours 
for example hsemorrhage and toxic absorption which are more pro- 
nounced in the proximal 
portion of the colon Ob j 
struction is most likelj to 
occur in the annular type 
especially when it is situ 
ated m the distal part 
of the colon where the 
lumen is of small calibre 
and the fecal content 
solid Generallj, the ob 
struction arises insidt 
ously and is evidenced 
by increasing constipation 
and progressive abdominal 
distension Eventually 
obstruction may be com 
plete, and frequently that 
seems to be the first evi 
dence of the disease 
Complete obstruction may 
be due to stenosis of the 
bowel but often it is 
precipitated by impaction 
of a fecal mass or foreign 
body m the narrowed 
part On rare occasions 
obstruction results from 
intussusception of the 
affected segment into the 
bowel distally 

In progressive obstruc 
tion the gut proximal to 
the constriction is hyper 
trophied and later dilated 
Dilatation affects espe 
cially the c«cum which is distended by fluid fecal matter and gas 
Putrefaction of retained fecal matter favours development of the 
stercoral ulcers which may give rise to localized peritonitis or may per 
forate causing fulminating diffuse peritonitis Perforation of the caxum 
IS especially likely to occur when the abdomen is opened and the colon is 
deprived of the support of the abdommal walls Longitudinal splits in 
the tienia coli occur frequently when there is great distension Ulceration 
close to the site of cancer may cause infection of the retrocohe areolar 
tissues and may lead to an intrapentoncal or extraperitoneal abscess 



Papillomatous type of care noma of 
pelvic colon 
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Avenues of Extension 

Cancer of the colon generallv groirs 8lowl> It extends prmcipal5\ 
bj direct infiltration of adjacent tissues and, later, bv inv asion of mph 
\esseb and glands Metastasis to distant sites, such as the liver is a 
late feature 

Direct Infiltration At first the gronth is limited to the mucous and 
submucous coats and in these layeis it tends to spread niainlj at right 
angles to the long axis of the gut This is espcciallj evndent in the 
annular tvpe of tumour Later the growth penetrates the muscle coat 
and raav erupt at the peritoneal surface or invade the retroperitoneal 
tissues and the muscles of the abdominal wall In some cases a growth 
erupting at the peritoneal surface disseminates to man} parts of the 
peritoneal cant\ and gives rise to multiple metastases, especiallj in 
the omentum on the surface of the ovaries, or on the pelvic floor In 
others as a result of superadded infection or direct infiltration, the 
affected portion of bowel becomes adherent to other v iscera, particularU 
the small mtestme or its mesentery, the bladder, or the uterus or its 
appendages so that at operation sacrifice of parts of these organs ma\ 
be necessan 

Lymph Spread Tumours m the proximal and distal parts of the 
colon dihet considerably in thew paths of lymph vascular extension 
The normal absorptive function of the proximal colon demands an 
abundant Ivmph drainage, and consequentlj there is a large number of 
gland» m relation to this part The distal colon, baring no absorptive 
function possesses fewer glands 

For the colon the lymph vessels and glands are disposed along the 
mam arteries A few glands (epicolic) he on the surface of the gut, but 
the more important ones he withm the mesenteries or m the retro* 
peritoneal tissues In the c«cuin and the ascendmg colou the glands 
along the ileocohc vessels are mvolved , in the transv erse colon the 
glands m the mesocolon and rardy, if the omentum is adherent, the 
g^tro-epiploic glands , in the distal part of the colon the glands along 
the inferior mesenteric vessel and its branches ate affected 

The differences in lymph drainage of the proximal and the distal 
colon are reflected m differences la the treatment and m the prognosis 
m the two situations The numerous and relatively distant IjTnph 
gla n ds in relation to the proximal colon necessitate a wider resection of 
the gut, and Tender ■subsequent recurrence mote probable The paucitv 
of glands in relation to the distal colon jostiiles a local resection, and 
greater expectation of permanent freedom from disease 

Bfood Spread Melastases by the blood stream seldom o(^ur except 
m the advanced stages of the disease Occasional!}, however, they 
maj do so earlier, and sometimes metastases develop in tbe Uvet, even 
before extension of the disease locally 

STRICTURE OF THE RECTUM 
Stricture of the rectum may result from traumatism or follow anv 
t} pe of ulcer, including malignant disease Apart from these there is 
a type of rectal stnctupc which has long been recognised, though until 
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recentlj its aetiology was obscure It nearly always occurs in omen 
and originates as a hyperplastic fibrosis m and around the connective 
tissue of the rectum In the course of jears the scarring extends and 
leads to a long and eventually very tight stricture, situated usually 
2 to 3 inches from the anus The 


mucous membrane may remain 
free from ulceration until a late 
stage rmally there maj befistulT 
on the skm surface, and elephan- 
tiasis of the vulva may develop 

This type of stricture of the 
rectum vas formerly ascribed to 
gonorrhoea or sj’philis, but though 
it is possible that occasional cases 
have such an origin, recent 
observations prove that most are 
due to infection by the virus of 
IjTnpho granuloma v enereum The 
infection, which is transmitted as 
a venereal disease, is seen most 
often m tropical or Mediterranean 
countries, but occasionally is 
brought to this country bj persons* 
returning from abroad In man 
the rectal manifestation of the 
disease is rare and when it 
occurs a direct contagion may be 
assumed 

In diagnosis the Frei reaction 
(an allergic reaction induced bj 
mtradermal injection of extracts of 
fresh infective material) is almost 
specidc 

OF THE 
RECTUM 



Cancer of the rectum differs 
onl> slightly m its pathology from 
cancer m other parts of the colon, 
but on account of its position it is 
more conv cnient to consider it 
scparatel} 

Carcinoma of the rectum is said 
to be four or fiv e times as frequent 
as in the colon It affects the two 
and most often between forty and si 


tie Sl> stricture of the rectum 
The lumen is narrow ed by n stricture 
almost 5 inches in length The 
mucous nicmbmne is exteasisely 
ulcerated whilst the outer coats are 
fnflltrated with n thick lajer of 
dense fibrous tissue 
{Bif tourteif ef Pry/fitor J W S Blaeihel) 

sexes With about equal frequencj, 
jears of age, although it is not 


V ery uncommon at an earlier age 


The growth begins generally at the pelvi rectal junction, where the 


tumour IS just out of reach of an examining finger ^.ihranu 1“* 
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situated at, or just below, the peritoneal reflection That rdation is of 
importance because, when the growth abuts on the pentonenm, metas 
tases ma> occasronaDi be diffused orer a wide area by the subscrous 
l\-mph vessels, or there maj be a large plaque of disease m the pen 
toneum of the rectovesical pouch Such highly placed growths are 
almost alwavs of annular type, similar in character and in effects to 
those of the colon 

In the ampulla the cancer may be of a cauliflower t}*pe, or it ma\ 
be sessile and extensivelj ulcerated There are associated papillomata 
in about S0®o of eases Generallv. tumours which grow towards the 
lumen of the bowel are less malignant than the flattened ts'pe wbidi 
penetrates the rectal walls at an earlier stage exception to this 

general behaviour is the pnmarj mucoid t\*pe of caremoma, which is 
usuallv a bulln tumour of rapid growth, with marked invasive characters 
and a tendency to early metastasis in glands and by the blood stream 

Jlicroscopicallv, the tumour is usuallv of columnar-cell tvpe 


®^ere is considerable variation in diDerent tumours, and in parts of 
the i>orr<g tumour and examinabon of only part ma% lead to fallacious 
appendag <5 ^Vithln certam limits the histological appearances pro- 
be necessary indication of its grade of malignancv The common 

Lymph iSpr«,gQ jU faim^ acini or alveoU, composed of cells of 
colon differ manv mitoses More benign tvpes mas give the 

The nomm ahs<jQp]^ adenoma The mucoid tvpe, which is the most 
abundant Iraph qj irregularly arranged cells distended with 

glands m relation toplasm (signet nng pattern) it represents a malig 
funrtion, poss^e<Qf mucus formmg cells, and is very malignant and 

For the colon relatrrelj beoiga tvpes m which a 

tmm arteries A ifferenliation is suggested b% elaboration of mucus 
the more irapory^ acmi of the t umo ur 

pOTton^ bsuCjjy Qf instances, carcinoma of the rectum is of relativclv 
along the e^m^ remains confined to the mucous membrane, 

S—' “^-Mor as long as a rear There are three methods of spread 
S^“|^Sjrect infiltration, ( 6 ) b^ the lymph vessels, and (c) bv the blood 

(a) Spread by Direct Infltration Tumours situated at the pelvi 
rectal junction encircle the wall of the rectum producing stenosis At a 
late stage thev spread through the rectal wall and reach the parietal 
pentoneum, where thev ma% givt rise to secondarv nodules , or spread 
to adjacent viscera such as the bladder, the ureters, or the uterus 


A carcinoma in the ampulla grows centnfugall} , espeaallv when of 
the cratenform ulcer tvpe Occasionallv nodules appear at a distance 
from the parent tumour, presumablj the result of localized spread in 
the submucous lymph channeU 


The muscular coats are penetrated first at the central or old'-st 


part of the tumour, and the growth then spreads m the fat and 
areolar tissue around the rectum At this stage it lies witlun the 
fascia propna of the rectum, and not in&equentl> extends in thi< plan* 
for a considerable distance without involvement of adjacent organs, or 
even of the regional Ivmph glands lAler, when the fascial covermg is 
^Ivpe*ori^i^* pararectal tissues are invaded the rectum maj become 
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fixed to the sacnrni or to neighbouring: viscera By direct spread the 
base of the bladder, the seminal vesicles, or the prostate ma> be involved, 
and m the final stages fistul-c may develop In women the posterior 
\aginal Trail is often implicated Occasionally abscess formation occurs 
m the pelvic cellular tissue or in the ischiorectal fat, from leakage at the 
site of the tumour 


(6) Spread by the Lymph Vessels Exammation of specimens 
removed at operation slioirs that the regional I^rniph glands are the 
seat of metastasis m about 60% of 
cases Usually only a few glands are 
affected, but sometimes, and especi i 
ally m rapidly growing tumours (even 
at an early stage), there may be \ery 

widespread involvement In the ma y 

jority of cases the glands are un r ~ ' 

affected until the tumour has pene * ' 

trated the muscular wall of the rectum ' 

Enlargement of the glands from m « Vi 

feclion IS common and greater than ' ji| 

usuallj occurs from metastasis ‘ 

The glands are situated m the * 

perirectal fat and within the fascial 

sheath, and are disposed around the / £. j PBj -** v 

lower part of the superior hsemor \ 

rhoidal artery and its terminal 

branches, and when the rectum is t ^ 

removed (enclosed in its sheath) the /*^ ' ^ / 

glands are included The affected 

glands are found usually a short dis i 1 

tance above the level of the tumour, (1,V / 

but m a few instances, those at a higher ^ * ? 

level may be the site of metastasis 

without involvement of those adjacent Ho 2tj Cauliflower i>pe of 
to the tumour, but metastasis m carcinoma of rectum 

gfaniJs ftigfrer Chan tfie mam tmni. of i " 

the superior hemorrhoidal arlerj is 

exceptional In the radical operation for carcinoma of the rectum 
removal of the higher glands should be ensured by ligation of the 
superior hTmorrhoidal arterj at as high a level as possible 

Spread of carcinoma beyond tlie rectum bj a general lymph \ ascular 
permeation appears to be prevented by the inv estmg fascial sheath , 
therefore, inv olv cment of the peritoneum, the lev ator muscles, and the 
anal sphincters is very rare This justifies a fairlj circumscribed 
remov al 




(CfparTmenl of iSvryer* Cnfwr* ty of 
biaiSH gi f 


As m carcinoma of the breast, so in carcinoma of the rectum, the 
presence of glandular metastascs has an important relationship to the 
probabilitj of local or general recurrence after operation Thus Gabriel 
found that there was a 19% survival after three jears, m cases in which 
metastasis had been demonstrated, as compared vvnth 80% in cases m 
which the carcinoma was confined to the walls of the rectum and in 
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which there «as no metastasis E\«i in cases with extra rectal spread 
and without metastasis the survi\al rate (o\er the same period) was 
"syo 'which signifies that glandular metastasis is more important in 
prc^osis than the ertent of the tumour 

(c) Spread by the blood stream is infrequent but is not necessarilj 
a late feature of the disease It occurs most frequently m rapidly 
growing tumours in young subjects Generali} the liver is miolved 
alone but in rare instances metaslases are found in the lungs and of Iier 
o^ans IMien recurrence takes place after operation the hver is usually 
affected Prior to radical operation the liver should be examined 
because thereby a needlessly severe operation may be avoided 

Carcinoma of the rectum is often latent until an ads anced stage of 



Pso 340 Cancer of tbe rectum. Tbe tumour ts an adeno-caranonia 
composed of columnar celb arranged in fa tty well formed acini 

the disease and until ulceration of the tumour occurs s\"mptonis are 
frequently absent Pa n is a late feature but ultimately it may gn e 
rise to great distress Ulceration results m abundant mucous discharge 
anl bleeding and sometimes htemorrhage is ver\ profuse and even 
fatal ^^■hen the growth is placed high in the rectum obstruction 
of the colon results and may be acute Death has occurred from 
perforation of a rectal caremoma mto the pentoneal caxnts but it is 
a rare complication ImoKement of the peine ner\e trunks mas 
occur at a late stage 


CARCINOMA OF THE ANUS 

Cancer at tl e anus generally arises at the junction of the columnar 
and squamous ceU lining Usuallx there is no obnous prccanccrous 
lesion but occasionalh it is preceded h\ a fissure an ulcer or a burn 
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The tumour is a squamous ceil carcinoma , it may be papillary m t> pe or 
a crateriform ulcer It docs not tend to spread up the rectum, but it 
may invade the skin of the perineum ex.tensi\ ely. Involvement of the 
anal sphincter may lead to incontinence Sletastatic grov ths de^ elop 
in the ingumal lymph glands In many instances the disease is first seen 
when successful treatment is impossible 


MELANOMA OF THE RECTUM 

This tj pe of tumour is of rare occurrence It arises from the skin 
within the anal canal as a hard nodular mass dark in colour It tends 
to gro^ upwards into the rectum, the coats of which may be extensively 
in\ aded There is \ anation m its degree of malignancy some tumours 
remam localized and grow only slowly, others grow rapidly and meta* 
stasize widely both to the IjTnph glands and by the blood stream. The 
inguinal glands are sometimes the seat of secondary deposits Pigmen* 
tation of the regional glands may be due simply to phagocytosis of 
pigment granules, but is more often due to cellular metastases 
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CHAPTER XXM 

DISEASES OF THE VERMIFORM APPENDIX 
APPENDICITIS 

TtTT; history of appendicitis requires no recital, for almost m its 
entiretj it comes within linng memory Until 1885 the disease was 
rare, 5 et withm twenty j ears it had attained the position of being the 
most common of all acute abdominal illnesses At first consideration 
it might be supposed that such a remarkable change in incidence, 
occurring at the tune when the surgery of the abdomen was ad^ ancmg 
most quickly, might be attributable principally or entirely to a keener 
recogmtion of the disease , but, as Rendle Short has shoivn, this is not 
so — the mcrease is actual, not merely apparent 

Although appendicitis was known in the eighteenth centurj, 
It received little recognition tmtil 1886, when Fitz described a long 
series of cases, distinguished it clearly as the commonest cause of 
“ perityphhtis,” and gave it the name now universaUy adopted From 
1886 to 1905 there was a great mcrease in the frequency of the disease, 
first noticeable m the cities and towns of Great Britain and America, 
and la ter in the country districts , since 1905 the incidence has remained 
unchanged 

Appendicitis is almost entuwly a disease of the estem world, and 
particularly of Great Bntain and Amenca In Denmark, Spain and 
ltal> it 18 still uncommon, in the rural districts of Rumania and other 
parts of Eastern Europe it is distinctly rare, and amongst the natii e 
populations of many parts of Asia and Africa it is almost unknown 
In general, the disease is one of modem civilized life, altliough a few 
civilized races e g the Japanese, remain free from it There is 
ample evidence that its incidence does not depend upon anj racial, 
climatic or geological factors, but is mlimatelj related to modem 
developments m the diet or mode of life of the estem world ^^Tien 
natues of the East adopt the dietary of Great Bntain or America 
they become liable to appendicitis, but Europeans li\ ing in the East do 
not lose their susceptibibtj , for they retain their U estem customs 
In the Umted States of Amenca the coloured people m country 
districts of the south mamtam their traditional ways of living, and 
remain free from appendicitis, but those who migrate to the cities or 
northward and adopt the habits of the whites lose this immunity 

Tliere is cMdence that the mcreased frequency of appendicitis is 
associated with the more general use of a diet rich m proteins In 
Great Bntam and Amenca the period 1883 — 1905 was one of greatly 
mcreased prosperity for the mdustnol classes, and a correspondingly 
greater demand for an animal diet , moreover, a close correspondence 
between meat eating and appendicitis is indicated by the ranty of the 
disease m communities where the diet is principally \cgetarian, as in 
S3« 
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the runl districts of Eastern Europe and Asia, and m the poorhouses, 
prisons and asylums of this country But the consumption of proteins 
cannot be the only factor, for meat eating was indulged in before 1880 , 
as Rendle Short has pointed out, the “ Roast Beef of Old England ” 
has been appreciated for centunes, and, indeed, from contemporary 
accounts, too well 1 Constipation might be regarded as a predisposing 
factor, but, as Pepjs bears witness, also is no modem development 
According to Rendle Short, the essential difference between our food 
and that of our forebears hes in the relative paucity of cellulose and in 
the consequent diminution in the bulk of the excreta , and it is possible 
that this, in conjunc 

tion with a high protein ~ — 

content of the diet, is j 
responsible for the 
increased frequency of 
appendicitis, the pro 
tein excess permitting 
increased putrefaction in 
the Ion er bowel, and the 
lack of cellulose leading 
to inspissation of the 
appendicular content 

Experimentally, 

Wilkie demonstrated 
m cats the important 
relationship of a pro 
tern diet to infections 
in the lower bou el TJie 
cat has no appendix, 

but an isolated portion — — — — . 

of the lower ileum rio 2*7 Section of the appendix (low power) 
mnv bo fflshionpi^ to showmgolargehmphfollicIesitUQtediminediately 
may Oe lasmonea to deep to the epithehum of the mucous membrane 
represent one If this (t,«bmt(mf9ftt»j/alCoaeiiiBfPAyriHantefEdii\6urjk) 

“ artificial appendix ’’ 

be nhstjiu-irjb Itv l^aturp nf jls jnmximal end. tlie morhid chat^^es 
that follow depend partly upon llie nature of the animal s diet If the 
diet has been entirely carbohjdrate for a long period, the pathological 
changes develop slowlj and the cat may sunive several dajs , but an 
animal on a meat diet may die within twenty four hours 

etiology of Appendicitis Apart from the question of diet, which 
has already been considered, there are three important factors in the 
setiology of appendicitis, (1) the structure of the appendix, (2) its con 
tents, and (8) its shape 

(1) Structure Ljmphoid tissue abounds in the wall of the appendix, 
where it forms definite follicles m the mucous and submucous coats 


It appears m quantity shortly after birth, it is most abundant in child- 
hood and adolescence, and after the age of thirty it tends, like Ijunphoid 
tissue elsewhere to atrophj It probabl} constitutes a barrier against 
infection, which, as elsewhere, may be osercome if the bacterial attack 
IS oserwhclming 
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forces of the body , the particular ** tj’pe ' of affection in any indn idual 
IS merelj the resultant of these two processes Appendicular disease 
should be studied as a continuous story rather than in serial form 
The seventy of the disease is greatly modified and oggra\ated by 
obstruction of the appendicular lumen If the appendix remains 
unobstructed m an inflammatory attack, the disease usually pursues 
a mild course , but « hen the lumen is occluded any pre existuig or 
potential infection is intensified, for inflammatory products remain 
pent up and gangrene or perforation may rapidly superv enc 

Appendicitis without Appendicular Obstruction The organisms 



Fig 2IS Acute append cular obstruction due to impaction of a concre 
tion at the point at which the relrocsEcal appendix is kinked The 
appendix distal to the obstruction is distended and gangrenous 
IDtpartmmt cf SufTtni U»irmtj9f BJ nburph ) 

principally concerned in appendicitis are colon bacilli, streptococci, and 
anaerobic organisms Generally they are derived from the lumen of 
the large bowel, infecting the appendix «« its lymphoid tissue , it has 
been suggested that some organisms, particularly streptococci, may reach 
the appendix through the blood stream from some distant focus 

The disease commences m the lymphoid follicles of the mucosa , 
It may remain limited to this membrane — ealarrhal appendicitis — but 
almost msarinbly it spreads to jnvohc the other coats Tlic mucous 
membrane becomes thick cedemntous and congested Immorrhagic 
spots and small erosions appear on its surfaw and the whole appendix 
becomes swollen and turgid Uith further extension of the infection 
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the serous surface becomes covered sntli fibrmoia exudate, and 
local ituld peritonitis de% elops The disease usuall> does not progress 
acutel\, but occasional!}, particular!} where a concretion or other 
foreitm bodj causes pressure upon the diseased Tvall, a perforation 
or a pen appendicular abscess ma} occur At an} part of the course, 
moreoi er, the lumen of the appendix ma} become occluded b} swellmg 
of the mucosa , and with the onset of an obstructive element graver 
dev elopments take place If uncomplicated, the disease mav subside, 
but complete resolution, with return to the slalus quo ante, is uncommon , 
infection is likel} to recur, often with enhanced severit} , and mflamma 
tor} scarring may lead to stneture and subsequentlv to an obstructive 
lesion 

Appcndiabs with Appendicular Obstnicbon This is a considerably 
more dangerous type of disease, and forms a large proportion of the 
cases seen at operation In its pathology it resembles one form of acute 
mtestmal obstruction, for the appendix becomes a closed loop of bowel 
contaming septic fajcal matter 

The ejects of acute appendicular obstruction depend upon the 
infective nature of the matter in its lumen and also upon the presence 
of much organic faecal matter which may readil} putr^} If mfection 
IS mild the appendix becomes thickened, and gradual!} distends with 
mucopurulent fluid to form a mueotele, one voriet} of chronic appen 
dicitis (? t ) If the infection is of greater degree the appendix becomes 
distended ^th pus— empyema of the appendix — and later may become 
gangrenous and perforate If the inf^ion is high!} v irulent and the 
appendix contains much fscal matter, gangrene and perforation may 
occur with extreme rapiditv, causing widespread pentomtis — fulmt 
tiding appeniietUi 

Perforation of the appendix through a gangrenous spot is an important 
event in the progress of the disease, for if the appendix has prevjousl} 
been distended the grossly infected contents are forced out and will 
contaminate surrounding tissues In rapidly progressive cases perfora 
tion may occur withm a few hours of the onset of the attack, and may 
lead to widespread pentomtis , or, if the appendix is surrounded by 
adhesions a local abscess ma} result 

Changes around the Appendix These depend upon the intensitv 
and virulence of the infection and upon the existence of adhesions that 
may limit the spread of the disease 

If the mfection is rapid and virulent, as when the appendix 
perforates quickl}, or when a slowl} forming abscess suddenly bursts 
Its protective wall, a widespread peritoneal infection ensues The 
peritonitis commences first around the appendix and over the pelvic 
organs and pelv ic coils of ileura , later it spreads into the upper part of 
the abdomen If resistance is great, the peritoneal exudate becomes 
thicker, and adhesion of opposed serous surfaces leads to loculalion 
of the pus In these cases intestinal obstruction is a common and 
grave comphcation 

Should the mfection spread more slowl} , it excites a vigorous reaction 
on the part of surrounding tissues and a dense protective barrier forms 
against further extension of the disease A l}Tnpby exudate is poured 
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out, containing many pus cells but few or no organisms The serous 
surfaces become ingested and adhere, the great omentum envelops 
the appendix like a thick mantle, and neighbouring coils of intestine 
become immobilized to form a barrier around the infecti\e focus 

At this stage the infection ma> subside, lea\ mg a large inflammatory 
mass, perhaps the size of an egg, which slowly diminishes In the 
course of time many of the adhesions resoUe, and the appendix ma^ 
become shrivelled and fibrotic , though relapse of infection is 
common 

Appendicular Abscess If the disease progresses, though limited 
by the protective barrier there develops a localized abscess 
containing thick foul smelling pus The abscess may be small, buried 
m a mass of adhesions, or it may attain considerable size, displacmg 
the neighbouring intestines as it grows Jf untreated it maj open into 
one of the hollow organs, tlie caecum, rectum or bladder, or it may 
eventually reach the skin surface, occasionally, however, it bursts 
into the general peritoneal cavity and causes widespread, rapidly fatal 
peritonitis The situation of the abscess depends upon the position of 
the appendix Most often it is in the right iliac fossa just medial to tiie 
anterior superior spine , not infrequently it is in the pelvis, or behind 
and lateral to the ciecum , but it may be in the region of the gall 
bladder, in the mid line below the umbilicus, or even on the left 
side 

Appendlatis due to Parasites Threadworms (oxyuns vermiculans) 
are of particular interest as a cause of appendicitis They are rarel> 
responsible for acute or fulminating inflammations, but are not un 
common, particularly m children, in association with mild recurring 
attacks The parasites are usually multiple, and often collected 
m a small clump close to the base of the appendix which maj 
contam a little purplish or prune coloured fluid Female parasites are 
more common than male and are often heavily laden with ova, and 
Still has suggested that tliej use the appendix as a breeding place It 
might be supposed that threadworms would predispose to appendicitis 
merely as irritating foreign bodies, but it has been shown that there is 
an actual' mv asjon of the niffcosa by the worms, which m serial sections 
of the appendix can be seen Ij mg deep in the wall and ev en penetrating 
as far as the muscular coat In this w ay they produce minute ulcerations 
and liTmotrlnges vilnch readilj predispose to infection Threadworms 
give rise to recurring mild attacks in which the predominating feature 
is the occurrence of colickj pain diffused over the alxlomen w ith little 
pain or tenderness on pressure over the appendix Occasionally the 
attacks are febrile and the temperature may even mount to 302 — 103® F 

A round worm (ascaris lumbncoides) may enter the lumen of the 
appendix and lead to appendicular colic or mild appendicitis The 
worm occupies the whole lumen of the appendix If its presence be 
unrecogniz^, subsequent histological exammation of the transv erselj 
sectioned appendix will reveal a remarkable appearance as of a double 
barrelled tube, each barrel lined by intestinal mucous membrane, the 
outer one formed by the appendix, the inner by the gut of the 
parasite 
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Cause of Pam m Acute Appendiatis. The cause of the paia to acute 
appeisd-ci’^is forms a subject of great mterest m relatiori to the general 
phvsiological aspects of abdominal pain Th«* appendi£« like otlier 
viscera, u bat little ^oisitive to ordmam stimuli, and when the abdomen 
« opened under local anesthesia it mav be handled without discomfort, 
\ et the pain of acute appendicular disease mav be intense 

One of the fir^ important <tudies of abdominal pain was mad'* b\ 
Ross m 18ST He fonnulated the hvpo^hesB that viseeral disease may 
give nse to two vanities of discomfort, namelv, true splanchnic pain 
felt in tb** viscus itself, and vimatic or referred pam felt in the panetes 
The cxtstenee of «plaachnic pain was deaied bv ‘'[acLenzie, who held 
that aU abdominal pain is «omatic, i-e^ refcTtd to the p3n**es In a 
number of papers which appeared from 1S92 to 190*3 llacLeniie put 
forwa»d the theorv that pam of visceral disease results from a “ visee'o- 
seusorv reflex action. Imputes extend from a viscus along its afferent 
autonomic fibres to the spinal cord and though there impulses are 
themiclves unperceived bv the bmm lh*w give nse to painful sensations 
bv o^trflowmg to neighbouring parts of tb“ co*d and irritating 
adjacent sensorv nerves ^cconiing to this view, impulses from the 
appendix reach the eleventh o' twelfth thoracic regmmts of th^ coil 
and •* overflow to sensorv nerves at this ItcI, so that thr\ are 
apprwiated bv the brain as mipuU<^ onginating in the lower abdominal 
walh Suniladi the bvpertesthes^ associated with some abdominal 
diseases could b* rega-ded as due to over-eicrtabiLt\ of the senson 
nerves o* the pane‘e», and muscular ngidi^ could be regarded m 
resulting from overflow ’ ctusulatioo of mo*or nerves (\nsceromo*or 
reflex) 

>l 2 ckense s conception however. &Ils to explain man y aspects of 
abdominal pam, and there are fundamental objections to th<* who’e 
theory of nsc^masensorv and visceromoto- reflexes The evidence 
agains* these vi*‘ws, exempUfl^ in a stud\ of the pam of acute appendi 
citis ha.s be«i discussed bv Jforlev He pomts out that there be 
no doub*, as Hurst ha.^ «howii, that true splanchnic pam does ems* 
Painful stimah can originate m hollow visceni either from spasm or 
increase tension of the muscle 6bres ^Vhen the s timuli arese m ans 
poreioa of the m^-gut (which includes the appendix) such pains, 
whether cohclcv from peristalsis or continuous from distemioT liave 
two characteristic features , (t) since the visceral nerve supply is not 
stnctlv localized the pains are 31-defined, and (2) since d^vdopmenlallj 
the mid-gul is a med^n o’gaij, the p?nr>< are felt prencipallv near the 
mx! line 

Kinsella lias reeentlv supported these views as a result of direct 
observations mad* dunrg th* performanee of appendicetomv under 
local anxslhesKi He has shown that whereas the appendix, like other 
viscera, IS insensitive to localized injurv, e bs ;cnishing with a forcep>, 
considerable pam is caused bv squeezing the whole organ between 
th» Angers Such pam is almost alwavs refereed to the rudlm* m the 
umbiLcal r^vjn 

It is a matter of evervdav observation that m acute appendicitis 
there are Usualls two distmct varieties of pam- In eaHv stages of tlie 
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attack the pam is ill defined, and principally felt close to the mid line, 
around the umbilicus or m the epigastrium It is obi lous that this 
initial pain of acute appendicitis has the characteristics of true 
splanchnic pain, it maj be colicky from exMssne peristalsis or 
continuous from increased intra appendiceal tension Early cohckj 
pun in acute appendicitis invariably indicates an obstructne lesion 

The later variety of pain in appendicitis, which usually becomes 
eiident a few Jiours after tlie onset of an attack, js entirely different m 
situation and character from its forerunner It is strictly localized, 
usually in tlie right lower quadrant of the abdomen , it is continuous, 
neier colicky, and it is intensified on palpation or by any sudden 
movement. The mechanism of this later pam cannot be attributed to 
a i iscerosensory reflex, for the median development of the appendix 
and mid gut would postulate a bilateral innervation and bilateral pain 
Moreover, on the reflex theory the innenation would be quite indepen 
dent of tile final position of tlie appendix, which migrates to the right 
side at a late period m deietopmeot, yet it is a common experience 
that tlie localized pain of appendicitis begins directly over tlie diseased 
organ, and indeed is a reliable guide to its situation This would 
seem to indicate that the pam is not dependent upon any refle\ 
mechanism but is due to irritation of sensitne structures related to 
the appendix 

It is well know n that the anterior parietal peritoneum is cxqiusiteh 
sensitne, and m man> cases the local pam of appendicitis is due to 
irritation of this membrane The parietal peritoneum lateral to the 
cacum IS also \ er> sensitn e, the posterior peritoneum less so Kinsella 
has shown also that the meso appendix, like the mesentery of the small 
intestine, is extremely sensitue and such procedures as clamping or 
ligating the meso appendix are productuc of great pam 

Muscular rtgiditi/, a i ery constant feature of appendicitis, is to be 
regarded as a protective mechanism of great % alue, for it immobilizes 
the abdominal wall over the site of infection and thus assists in limiting 
the spread of the disease According to Slackenzie’s hypothesis, the 
rigidity IS due to the radiation of impulses from afferent autonomic 
filaments to the anterior horn cells of the spinal cord — a i isceromotor 
reflex — ^but the same considerations hold good that ha\ e been referred 
to in connexion w ith abdominal pam, and there can be no doubt that, 
like pain, the rigidity is due directly to irritation of the parietal 
peritoneum It is for this reason that the rigidity from a retrocaieal 
appendix is most sei ere towards the lorn w hilst that from an appendix 
oi erhangmg the pelvic brim is situated just aboi e the pubis 

Ct^fn^lCOM^ hypera:slhesia, a somewhat inconstant sign m acute 
appendicitis, can also be attributed onlv to irritation of the parietal 
peritoneum 

It has been stated that hyperesthesia is present in appendicitis on!\ 
w hen the appendix is unnipturcd, but this does not accord w itli gener il 
experience Often it appears as though the degree of hj^iencsthesia 
depends upon the proximiti of the appendix to the panctes, the most 
intense hj'pcrrcsthcsia being associated with nn appendix that lies 
immeiliatelj under the anterior abdominal wall 
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RECl.'RRE^T ASD CHRONIC APPE-NDICITIS 
It weS kiiown that acute aapecdMiti>, particuls-iv, la its less 
acu'e fo’Trt> js Terr apt to recur, a=d i=<i*ed a the £^t inajor-tv 
of cases sj=-a la hasp tal Ifcc-e i> a fcts'o'^ of several p^vjoi-j attacks 
with ni’erveaus" pr"'od- of good health. Less o'lei the lii?*Diy is of 
niujo* <r traar^*^ «pasiza of p" ** *2 loiver abdousea recumsg 
frequ*Etlv duTTsg a peT»d of wetts o“ laonths Gen<eall\ 0 such 
cu'TcastaEces tier* has been a ff^^gn bode 
^ a* a Cecal eDSCieti<'n m th* appeudjc 

whai impacting given rise to attacks 
cohe and ultcna’dv to aca*e obstroctii^ 
appesdaeitis 

Forega bodies m the appesdn mav eocar 
in a tilths appsidix tr in one which from 
l-mlmg ©• s*«o5*s »s anab> to «np*T itself 
pmperlv The fo*e.nn bodv is irmalhr a Cecal 
I ^ I conc*e*'on bo* a g~eat var^^vof o’ha- obj^s 

I f } fcrve occasKmaDv been found Reference has 

. V I ahrads" been mad" to th* occtnrence of thread 

woTn' and occasyusaHs rcesd wo’ms, and in 
ch2dj-a the fonner are not mfreqwntlv th^ 
cajs* of m2d appi^d'colar dscomfo-t. \ 
«*T itngy instas'^ of a snnp'ocB p^odncuig 
fo-e.gn bodv *$ s«n vbsi le^ peU^, such 
as maT be swaEowed with *bo*’ gans”, had 
tb^,r wav into the app-adii. Oraswaalls as 
esanv as fortv o^ Eftv p^Dris taa\ eo!!*et in th*- 
sapesdet. evea*mDv hfo rrung coated with 
tnsps3*»d fecal in3*ter and either faceted 
like gaLrtoces o- gln^d m a 'ingls mass Tfc^ 
give rise to svmjJ*oni5 e'th" bv virtu* of th*ir 
weight, o- bv in-*atinr ir*e-in.*tcnt appeo 
dynilar 'pamis with pain ref-aed to the 
umbilical reuwn- 

Ctioarc appendjots was fo*medv regaiicd 
i a comnarQ di<e^ie and h:is been b*Id 
re^pon'T)’-* fo*" nunsrous svn:p*oms or ^mns 
sneindmg pan m th* lower abdomen md.g»^ 
tvjn fi3*uJsnl dvcp*pc*a, anomxia, iia,i><*3 
and vomiting Expeneiiee Kas sfcnwts, Imw 
ever.tha* lascch cncurrstan'es the appendjc 
commonlv ^bows no cafad-eve evid*cc*o^d««ase, or perhaps is Ctrolic 
o- atrophied, whi> the remits o' operation are peneraUv dJappointm" 
Fo- tb^ rea-ons it is now sg'e’d that true chron'* appendiatts is a 
vmewba* rare disease In such cases as do 0 'eurth*p*ijnarv feature is 
usuallv a chro" c obstnx*x*n of the anpcadix. 

Omm-C Obstrcctise Appcndmtis mas result from p-^-vioas acute 
disease, o* fctm nai ’owing o*' the lumen due to any oih** cause. 
If the obstm^tjon mmams partjsl, the Cecal coa'ent becosKS lasps- 
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sated, and the mobility of the appendix is deranged If the obstruction 
slowly becomes complete a mucocele may develop Sometimes the 
mucous membrane herniates through weak places m the muscular coat, 
particularly at those points on the mesenteric attachment where the 
vessels enter, and one or more dtverttcula result Rupture of a muco 
cele or of a diverticulum into the peritoneal cavity may gi\ e rise to a 
curious mucoid change known ns pseudo myxoma pentonet, in which 
large masses of jelly like mucoid matenal collect in the peritoneal 
cavity The condition is similar to that following rupture of a pseudo 
mucmous cyst of the ovary and appears to be due to the engrafting of 
mucus Secreting cells upon adjacent peritoneal surfaces, but such cells 
can rarely be satisfactorily demonstrated (See also p 548 ) 

TUMOURS OF THE APPENDIX 

Two distinct types of tumours occur m the appendix the one — 
adeno carcinoma — extremely rare the other — carcinoid tumour — quite 
common A pedunculated adenoma is present occasionallj and maj 
cause intussusception 

AdenO'Carcinoma Adeno carcinoma is a rare tumour It occurs 



Fic *’^3 Carcmo d tumour of the appendix X 110 TI c tumour is 
composed of spheroidal cells arrang^ in ah eoh Note the close rehtion 
of the cells to tlie muscle fibres at the loirer part of the section 
{loboniloTvofRofalCeaett s/r*A/n<tan<e/£i{ niurjh ) 

m elderly subjects and resembles adeno carcinoma in other parts of 
the bowel It IS composed of columnar cclK derived from the mucous 
membrane arranged in acinar formation and supported bj a connectu e 
tissue stroma It tends to ulcerate at an carlv age and to infiltrate 
neighbouring parts and ma> metastasize to the liver or to more distant 
sites 
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Carcmoid Tumour A carcinoid tumour is considerablj more 
common and is said to constitute 0 4% of all appendiceal lesions found 
at operation It occurs coramonlj in joung persons, especiallj between 
tlie ages of twenty and thirtj jeats, and is of particular interest in 
seieral respects, for although IcKall> m\asive and possessed of certain 
of the microscopic features of carcinoma it does not spread bej ond the 
appendix and onlj seldom metastasizes 

A carcinoid tumour ma\ occur m anj part of the appendix, and is 
especiall} common near the tip Rarelj two or three such tumours 
coexist The tumour forms a hard, rounded, circumscribed nodule, 
usually small and rarelj exceeding the size of an almond, and it may 
be recognized on naked eve examina tion b% its characteristic golden 
jelJow colour 

When small the tumour lies in the substance of the appendix wall, 
and the mucous membrane over it is intact When larger it projects 
under the serous surface and it may press upon and thus occlude the 
lumen Occasionally a tumour at the base of the appendix has deter 
mined tlie onset of appendicular obstruction and acute appendicitis 
In some cases when the appendix is shrivelled and its lumen obliterated 
by fibrosis the tumour assumes a central position 

MicroscoptcaUy a carcmoid tumour is composed of solid masses of 
epithelial cells arranged m alveoli and supported by a stroma of 
connective tissue («re Fig 250) Most ofthe cells are of spheroidal sltape 
with a central rounded nucleus and a finely reticulate protoplasm In 
places the cells are columnar m shape, and arranged m palisade fashion 
Yet agam there are sometimes long, bulbous headed ra^et sliaped 
cells, which may be arranged in rosettes Many of the contain 
cholesterol esters and other lipoids, and these are responsible for 
the golden yellow colour characteristic of the tumour Other cells 
contain fine chromatin granules with a specific affinity for silver stains 
(argentaffin cells} 

The tumour at first lies embedded m the muscle coat, and it spreads 
between the muscle bundles without destroying them Often the 
tumour cells appear to be closely related to the ncrie fibres of the 
m\ enteric plexus (Auerbach) 

Ongm o/ tAe tumour Formerly the tumour was regarded as either 
a true carcinoma of low grade malignancy or a basal-cell carcinoma 
den\ ed from the mucous membrane, but these v lews are now generally 
discarded, and at present the theories most widely held are those of 
Ehrlich and of 3Iasson Elirlich was impressed by the close relationship 
of the tumour cells to the nene fibres of Auerbacli’s plexus, and on 
the basis of this obsenation and of the microscopical appearance of 
the cells he regarded the tumour as a neurocytoma originating in the 
autonomic neri es ^losson has exammed the microscopic characters of 
the cells in great detail, and he has brought endence to show that they^ 
are demed from the so-called Kulchitsky cells of the crypts of 
Lieberkuhn These cells are belies ed to be of entodermal origin, but 
to be related intimately with the autonomic nervous system, and tliey 
are characterized by a specific affinity for certam siher stnms On the 
basis of his obserralions Masson has called the tumours argeniajjin 
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tumours, and has classed them ciwrespondingjy mtli tumours of the 
adrenal medulla and of the paraganglia of the autonomic nervous 
system. 
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CHAPTER XXVII 

DISEASES OF THE PERITONEXBI 

The pentoneal cavity , wilh its various recesses and compartments, 
forms a potentul space of vast dimension The Iming membrane is com 
posed of a single la\ er of flat endothdial cells supported b> delicate 
areolar tissue It forms a smooth gbstemng surface, admiiablv adapted 
to subserve its principal fimction of facilitatuig the phvsiological 
movements of the gut and viscera 

The mtimate relation of the peritoneum to the alimentary tract and 
pelvic organs renders it peculiariv liable to implication m diseases origi 
natmg mthese parts but fortunatel\,ui addition to its phvsiological nU 
as a glidmg surface, the peritoneum has valuable properties for com 
bating even gross infection- Indeed the peritoneum can deal effectivelv 
vnth massive doses of organisms which in most other tissues would 
spread widelv From the time of the advent of organisms to the gut of 
the new bom child the peritoneum is contmualJj subject to small 
bacterial assaults and thus acquires an increasing natural resistance 
B> contrast the pleura and pencardium although denred from the 
same pnimtive bod> cantv, are rather less resistant to infection 

Absoipbon from the Pentoneal Ca\it) Owing to its vast surface 
and the specialired character of its epithelium, the peritoneum has an 
immense absorptive power In health this property is mainlv protec 
tire for it ensures that small amounts of deleterious substances are 
rapidlr disposed of but m pentooihs the rapid absorption of tone 
products constitutes one of the gravest dangers of the diWase 

It IS now established that the mode of absorption of fluids and 
soluble toxms differs from that of particles such as hactena. When 
fliud 15 injected into the pentoneal cants comparatively htUe reaches 
the thoraac duct, and the greater part passes directly mlo the blood 
stream b\ a simple phmeal process of dialysation through the endo- 
thelial lining membrane The rate of absorption is eitremeli rapid, 
and m some respects the peritoneum xs a speedier avenue for the 
admmistration of fluicL than the subcutaneous tissue 

Absorption takes place equally readilv and rapidlv from all parts 
of the pentoneal cavit\ Aosoniu^K the design of the semi sitting 
(Fowler s) position namtlv, to divert the tovic products to a “ nor 
absorptiie region of the pentoneal ca%nt\, can no longer be uplield- 
It has too the added disadvantage of favouring \*enous stagnation 
m the lower part of the body , and of cramping respirators movement 
There is evidence, too that it increases the tendency to suhphremc 
abscess (seep 54G) 

The routes of remos-al of particles such as bacteria may be demon 
stiated experimentally bv the injection of such substances as Indian 
mk or colloidal silver After mjection into any part of the cavity such 
>« 
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pigment is rapidly collected m two dearly defined regions, namely, over 
the greater omentum and in the subphremc region Paterson Brown 
showed that the route of absorption from these regions vanes m 
different animals In rabbits the pigment rapidlj reaches the thoracic 
duct, but m cats and dogs the thoracic duct is hardly affected at all, 
and the mam route of transference is along the Ij mph vessels of the 
retrosternal region bj which it teaches the cersical veins There is 
accumulated c\ idence that in man the routes are similar and that the 
thoracic duct plaj s little part in peritoneal drainage 

Response of the Pcntoneum to Infection When organisms reach 
the pentoneal cavitj they e\oke a vigorous reaction Hyperemia is 
excited, flmd rapidly exudes from the peritoneal surfaces, and leuco- 
cjdes and endothehal cells migrate into the cavitj, so that the infecting 
agents are first dduted and dispersed and then subjected to phago 
c}*tosis At first the exudate is turbid and watery, and m some types 
of infection remams thin, or is sometimes blood stamed, but usually it 
becomes tluck and purulent in the later stages of the disease 

If infection occurs acuteh, the peritonitis rapidly becomes wide 
spread , but if the onset is slow the inflammatory process soon becomes 
delimited and v ailed off b) fibrinous adhesions 

The process by which infection becomes circumscribed affords a 
remarkable illustration of nature’s defensive mechanism, for it depends 
partly on local inflammatory changes m the peritoneum, parllj upon a 
curious attribute of the omentum, and partly upon simultaneous 
immobilization of the aiscera and abdominal wall The pentoneal 
surfaces around the infected region lose their glossy appearance, and 
adjacent coils of intestine adhere to the abdominal wall , the omentum 
IS disposed around the focus of disease , intestinal peristalsis is inhibited 
reflexly or by toxic paralj-sis of the muscular coats , the mo%ements 
of the abdominal wall are reduced b> reflex muscular spasm , and 
thus bj this mechanism of immobilization the defensive processes 
are perfected The most remarkable part of this process is the striking 
protects e behaviour of the omentum, which has earned for itself the 
title “ the policeman of the abdomen ” No matter where the focus of 
infection lies, whether in the gall bladder or the uterine tube, the 
omentum, if gi^en time, will become adherent to it and emelop it 
There is, of course, no purposeful mo\ement on the part of the oraen 
turn, and the whole process appears to depend on the abdommal 
mo%ements, peristaltic and respinitorj, and also on the fact that the 
inflamed peritoneum favours cohesion 

Peritoneal Watersheds The irregular contour of the piostenor 
abdominal wall and the complicated arrangement of the pentoneal 
folds create barriers which limit the diffusion of septic fluids and 
promote the localization of pentoneal infections 

The pentoneal ca\ut> maj be regarded as having two compartments, 
the pelv^c portion and the abdomen proper The latter is naturally sub 
divided into upper and lower compartments by the transverse colon 
and its mesocolon These two compartments communicate in front 
of the omentum The upper compartment lies above and in front of 
the omentum and mesocolon, and contains three common sources 
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of pentoneal inflammation, the stomach, duodenum and gall bladder 
The lower compartment lies below and behind the omentum and com 
municates directlv with the pelvis It contains, in addition to small 
mtestme, the commonest source of infection, the appendix 

The lower compartment of the abdominal cavitj is divided into right 
and left portions bj the mesenterv of the small mtestme, winch tends 
to limit the spread of infection from one side to the other 

In the postenor wall of the abdomen the vertebral bodies form a 
ndge which, with the root of the mesenterj, diverts fluid from the 
midhne towards either flank, where it collects in the parai ertebral 
recesses 

These topographic features have an important effect m directmg the 
spread of extravasations and in eirciimscnbing infections Thus m a 
leakmg duodenal ulcer, extravasation is deflected maml> alongside the 
ascending colon towards the pelvis Even though the patient mamtams 
a recumbent attitude the greatest accumulation is m the pelvis and 
lower abdomen In appendicitis fluid exudate at first gathers m the 
right flank and pelvis and is usuallv circum.scnbed bv the omentum, 
the tresenlerv and coils of the small mtestme \VIien it is in greater 
bulk It mav weU up from the pelt is and is diverted mamU to the left 
due to the oblique fixation of Uic mcsenlen Extension of mfcction 
to the subplirenic space is of rare occurrence rebtive to the frequenev 
of peritonitis and as it develops chieflv as a post -operative complicition 
it IS likelv that diminished diaphragmatic movement together with the 
access of air rather than posture allows mfection withm this normallj 
confmed area 


ACUTE PERITONITIS 

Pentomtis like anv other mflammation, maj be the outcome of 
bacterial or non bacterial imtahon Json bacterial peritonitis occurs 
when a sterile foreign substance or an effusion of blood is present m the 
cavitv, and occasionally when a cyst ruptures or when sterile bile is 
extravasated , but these are rare occurrences, whereas peritonitis from 
mfection is common ^loreover, even the rare non bacterial type does 
not usuallv remam aseptic, for the effusion is very liable to secondary 
infection, especially with oigaoisois of mild pathogenic properties, such 
as staphylococcus albus 

In the majontv of cases acute pentomtis is due to infection from 
some local focus m the abdomen, especiallv m the ahmentarv tract, its 
appendages or the pelvic organs, but occasionallv it is a haimatogenous 
infection as m septicsniic conditions Rarelv , as in gonococcal pen 
tombs It seems to follow direct mfection from the extenor, bv wav of 
the utenne tubes 

The common causes of acute pentomtis include ( 1 ) perforation of 
hollow organs, (2) simple inflammaUons and (3) stranguhbon of boweL 
Appendicitis beads the list anti ofter it come salpingitis perforations of 
peptic ulcers cholecysbba, volvulus etc 

Tlie extent and grovaty of acute p«ntonitis depend upon manv 
circumstances, and climcalK no two cases are similar The virulence 
of the infection vanes greatlv In gonococcal salpingitis or m chole 
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cystitis it IS almost always mild, in appendicitis it maj be mdd or 
severe, and m perforative lesions and diseases of the colon it is often 
fulminating Staphylococci and non hsemolj tic streptococci arc often 
relativ cly innocuous^ and eoliform bacilli vary greatly, whereas 
haimolytic streptococci and anaerobes are often intensely virulent 

Bacteriology of Acute Pentomtis. As may be expected from the 
di\ersity of origin of the disease the bacterial llora of peritonitis is very 
varied Bacillus coU is undoubtedly the commonest, but hiemolytic 
streptococci are not infrequent, and non hicmoly’tic streptococci, gono 
COCCI, pneumococci, staphylococci or anaerobes occur In rare cases 
acute tuberculous peritonitis lias been observed Sometimes there is a 
mixed infection, especially of coltform bacilli and streptococci This is 
demonstrable m direct films made from the peritoneal exudate, but is 
apt to be missed on culture, for the more delicate streptococci are liable 
to be outgrown by coliforra bacilh 

Acute Locah 2 ed Pentomtis Unless infection of the peritoneum 
be very acute it remains localized, and soon becomes circumscribed 
by adhesion of intestinal loops to the parietes This often ends in 
resolution, and the mflanunatory products are absorbed, but if the 
infection is more severe a local abscess may form, either m the neighbour 
hood of the original infection, e g , around the appendix, or at some 
more distant site, such as the pelvic cavity or the subphrenic space A 
peliic abscess may follow appendicitis, salpingitis or other inflammation 
The abscess raaj remain small and eventually undergo resolution, or il 
may enlarge and perforate into the rectum or other hollow \ iscus, or 
even point externally If unrelieved, the abscess moy burst into the 
general peritoneal cavity 

Acute Diffuse Pentomtis. “ Generalized ” peritonitis is rare, 
because death usually occurs before this stage is reached It is more 
accurate, therefore, to use the term “ diffuse peritonitis,” which indicates 
a non circumscribed, and spreading, but not unn ersal, inflammation 

The pathology of peritonitis is essentially the same as inflam 
mation in any other tissue, but its progress is greatly modified 
and aggra\ated by two factors peculiar to the situation, namely (1) the 
vast of the ahscvptjve areo, whjtii lea^ to xopjd dispcjsMcj rif 

toxins, and (2) secondary intestinal paralysis, which brings the danger 
of obstruction 

The inflamed peritoneal surfaces become injected, engorged and of 
deep red colour, and the natural lustre is replaced by a dull, matt, 
\elvetj appearance The mtcstme is dilated and paralysed, and 
adjacent loops adhere Often there are masses of thick yellow lymph 
on the surfaces and in the fluid 

The exudate varies with tlie t>pc of infection and with its stage In 
B coh peritonitis the exudate is usually purulent, >elJow or yellowish- 
white, and with a characteristic fetor , m streptococcal infections it is 
often thin, turbid, or sanguineous, in mixed infections, especially 
when derived from the colon, it may lia\e a stercoraceous appearance 
and smell, and gas may be present After perforation of a gastric or of a 
duodenal ulcer the exudate may be mixed with gastric contents or bile , 
and in strangulation it may be deeply stained with blood 
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WiUae showed that the microscopic appearance of a diffuse 
cjuidate, m addition to demonstnktmg the type of organisms, tna> 
afford a valuable indication of the progress of tlie infection and conse* 
quentlj of the prospects of recoveij At an earh stage the fluid 
n3tural]\ contains manj organisms os well as pus cells, but after the 
pentonilis has progressed for several hours the altere<.l appearances 
suggest its extent and the degree of reaction In a virulent infection 
the fluid still contains manj free organisms, and the pus cells show 
signs of degeneration If the resistance is good, howe\ er, most of the 
organisms will have undergone phagoc\’tosis In later stages of a 
resolving pCTitomtis the stnlang feature is the presence of many large 
mononuclear or endotbehal cdls, which appear to act as scavengers both 
of bacteria and of damaged polymorphs 

The stage of resolulton of penlontits affords e% idence of the remarkable 
properties of the endothelial Iinmg membrane of the peritoneum Fluid 
exudate is rapidlj absorbed, and even large masses of fibrmous exudate 
quickly disappear In most cases adhesions are absorbed and in a few 
months there maj be little sign that there has been peritonitis In 
other cases, however, such complete resolution does not take place, and 
widespread adhesions or long fibrous bands remain, often to cause 
later trouble from intestinal obstruction There seems to be an mdisi 
dual ldlos^'Zlcrasy towards the formation of adhesions 

Cause of Death m Pentoaibs The cause of death in peritonitis is 
not fully understood Septicsmia rarely pla)s a part, but it is not 
certain whether the profound toxauma that is so characteristic a feature 
IS due wholly to absorption of toxins from the peritoneal cavits or to 
secondar} intestmal obstruction {see also p 497) The question is of 
great importance from the therapeutic point of ^^ew, for the treatment 
of pentomtis necessitates rest, whereas the treatment of partial mtes 
tinal obstruction demands mainteoance of peristalsis 

Bonnej and Sampson Handley supported the view that intestmal 
obstruction is an important factor It is supposed that m diffuse 
pentomtis the whole inteslme is para]\sed — paraljrtic ileus — but 
Handle} believes that this is unlikel} and that onlj those parts of the 
gut Ijmg m the pelvis are, m the first instance, mvolsed He pomted 
out that at the time of death peritonitis rarcl} reaches tlie level of the 
umbihcus and that the jejunum is comparatiieh unaffected , whereas 
the ileum, which lies bathed in pus m the pelvis, is completeh flaccid 
According to this \ lew, there is often a double obstruction — ileus duplex— 
namely, m the ileum and m the pelvic colon , and the rational treatment 
consists m dii erting the jejunal contents into the colon, and m draining 
the large gut at the cecum 

Experience has not confirmed these views In diffuse peritonitis 
there is, undoubtedly, a toxic paralysis of the intestinal muscle, but it 
seems probable that its effect is mainlj protective, m that it inhibits 
intestinal movements and dreumsenbra the infection It seems pro- 
bable that the essential factor in death from pentomtis is the absorption 
of poisonous products from the infective area, and that the obstruction 
factor is of somewhat secondary importance 

Paralytic ileus must be clearly distinguished from another quite 
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distinct complication of peritonitis, namely, a mechanical obstruction 
due to plastic adhesions between intestinal coils. Such adhesions are 
often formed at a stage when the toxxmia of peritonitis has been 
overcome, and thus the patient after recovering from peritonitis maj 
be a victim of obstruction. 

PERITONEAL ADHESIONS 

Many so called adhesions ate really congenital folds of peritoneum 
True pathological adhesions may follow any tj-pe of acute or chronic 
infecti've process within the abdomen and are common also after 
operatue intervention in this region. 

Under any such circumstances at first there is a more or less extensi\ e 
cohesion between the mflamed surfaces as a result of which the viscera 
are bound closely to one another or the parietes. Under the influence 
of the visceral movements, in the course of time some of these adhesions 
stretch and at the same time become more narrow to form sheets or 
isolated bands, wliich by kinking or ensnaring loops of intestine, or by 
initiating •volvulus, may lead to intestinal obstruction. 

Complete resolution with disappearance of adliesions may occur 
ev’en after quite considerable degrees of peritonitis. This is well seen 
when an appendix abscess is allowed to settle under conservative 
treatment, for in such circumstances at operation a few months later 
it IS commonly observed that complete restoration to normal has taken 
place. This is, however, not invariable, and it is generally thought that 
individual susceptibility pla)’s an important part. The great tendency 
for adhesions to recur after they have been divnded at operation lends 
to support this view. 

AMominal tuberculosis may cause dense and widespread adhesions 
This IS most likely to occurafter tuberculous infection of the peritoneum, 
though not infrequently a dense but isolated adhesion is found in the 
V rcinity of a tuberculous mesenteric gland. 

Post -operative adhesions often are both dense and vv idespread. They 
commonij' involv'e the omentum, which attaches itself to the deep 
surface of the abdominal wall, and they may also implicate the small 
and large intestine. Sometimes, doubtless, they are due to wound 
infection, or to faulty closure of the parietal peritoneum. It has 
recently been su^ested, howev'er, that the presence in the wound of 
talc derived from the surgeon’s gloves may be a factor of importance 

Talc Granuloma. Talc (magnesium silicate), wiien embedded m 
the tissues or set free m the penloneal cavity gives rise to a vigorous 
foreign body reaction with the production of giant cells and much scar 
tissue. Recent observations show that dense adhesions may develop 
m as short a time as tvro weeks. In some cases, talc in the peritoneal 
cavity has gravitated to the pelv is and led to scarring vvith obstruction 
of the Fallopian tubes. 

GONOCOCCAL PERITONITIS 

This disease is limited to females. It usually arises within a short 
time of the primary infection, and is secondaiy to disease of the Fallo- 
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plan tubes In mo*st casfs, no doubt, the organisms gam access to 
the peritoneal cawtj by uay of the abdominal ostium, in others 
where this orifice is closed by adliesions or fibrosis it is presumed that 
infection has leaked through the diseased wall of the tube Though 
commonest in adult women, gonococcal peritonitis may affect joung 
gurls followmg vulvo a agmitis 

Infection is usually limited to the peUis and is most intense around 
the tubes and o^ aries, but occasionally is more generalized At first there 
IS often an acute phase, but the infection is ne\er \irulent and 
in the course of a few days tends to subside, but it nearlj alnajs 
leaves behind a low grade inflammatory process, which maj persist 
for a long period or neser resolve Li the eariv stages there is an 
effusion of fluid at first thin and serous, later purulent, and the surfaces 
of the pelvic peritoneum are congested and covered with fibrinous 
deposits Detection of gonococci in the fluid is difficult, and bj 
ordinarj cultural methods the fluid usuallj proves sterile Usually 
there is a mixed infection and the presence of gonococci is masked 
by other organisms, of which the most frefluent is a streptococcus 

In the later stages of gonococcal peritonitis the most striking 
pathological feature is the presence of numerous adhesions, and this 
IS the prmcipal factor m prolonging the manifestations of the disease 
Thick bands or more delicate “ cobweb ” adhesions bind tbe tubes 
and ovaries to adjacent surfaces and often form a tough matted mass 
which may implicate the appendix, the pelvic colon and the dependent 
coils of the ileum The disease is usually bilateral though often more 
severe on one side than the other 


PNEUMOCOCCAL PERITONITIS 

This form of peritonitis occurs principally m children Two 
varieties are recogmzed according as the disease appears to arise 
primarily or is secondary to pneumococcal affection elsewhere 

Pnmary Pneumococcal Pentonitis This is almost restricted to 
female children The disease occurs with greatest frequency between 
the ages of three and seven years It has been suggested that infection 
reaches the peritoneum from the genital tract Pneumococcal 
peritonitis is rare in well cared for children, but is apt to attack those 
living in squalid surroundings in whom the vtiIvti and vagina may 
be contaminated with infective material In smears taken from the 
vagina of neglected children pneumococci may be demonstrated, 
and m many eases of pneumococcal peritonitis the organism may lx? 
cultivated from the V aginal secretion winch, m a few cases is purulent 
The fact that tlie organism from the vagina is of the same tv^w as 
that in the peritoneum lias suggested tliat the infection is an ascending 
one Vfter the age of seven or eightveais tbe vaginal secretion becomes 
acid and presumably inhibits infection 

^lore recent work, however, suggests that pneumococcal peritonitis 
IS usually the result of infection b\ blood borne organisms In some 
cases the peritoneal infection is merely part of a pneumococcal 
septicjcmn , m other cases tbe peritonitis assumes tlie r61e of a 
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ftxation abscess and niaj therefore be regarded as a beneficent reaction 

In the early stages of pneumococcal peritonitis there is an oilj or 
sticky exudate in the peUis, and the peritoneum is \erj congested 
Later the exudate becomes ^latery or slightlj blood stained, and 
eventuallj purulent, and there may be flakes of fibrinous 1} mph, 
which adhere to the peritoneum or to the intestine The fimbnaj of 
the uterine tubes show a fiery hypenemia, and pus, containing pneu 
mococci, can be expressed from tlieir lumen The interior of the tubes 
presents the signs of catarrhal mflammation In some, especially in 
older children, the process is more chrome, and the infection becomes 
localized by adhesion of the intestines and the omentum, so that a large 
pelvic abscess results The process may be sufficiently clironic to 
create confusion sMth tuberculous peritonitis or sufficiently acute to 
simulate acute appendicitis The abscess may rupture at the umbilicus 
or into the bladder or rectum 

As primary pneumococcal peritonitis begins in the peh is irritation 
of the pelvic viscera, especially the colon and bladder is the outstanding 
sign of the disease, and therefore the child suffers from frequent or 
painful micturition as well as from tenesmus and diarrhoea with much 
mucus or even blood m the stools After peritonitis has persisted for a 
time the sy stemic effects of the pneumococcal infection become manifest 
and the pulse rate and respiration become rapid and tOxaimia is severe 
There is usually a considerable leucocytosis and in blood cultures the 
pneumococcus can often be found In the later stages the systemic 
illness may completely overshadow (he peritonitis In young children 
the disease runs a rapid course and generally ends fatally but in older 
children recos ery may occur 

Secondary Pneumococcal Peritonitis This occurs as a complication 
of some other pneumococcal lesion, such as pneumonia or empyema or, 
occasionally, otitis media Cither sex may be affected and though the 
disease is commoner in children it may occur m adults Infection 
reaches tlie peritoneum by the blood stream and at the same time there 
may be other secondary pneumococcal manifestations such as pen* 
carditis and meningitis Any part of the peritoneal cavity may be 
mvohed Sometimes the peritonitis is \ery localized in others it is 
widely diffused The exudate may be serous or purulent If recovery 
occurs a localized abscess raoy form 

Similar to secondary pneumococcal peritonitis is the streptococcal 
peritonitis that is sometimes seen in childhood The organism is usually 
of a haemoly tic ^ ariety, and its source may be the nasopharynx or the 
lower respiratory tract A few cases lia\e been traced to the genital 
tract in females The sexes are affected about equally 

STREPTOCOCCAL PERITONITIS 

The streptococci in peritonitis are frequently lixmolytic organisms 
of great ^ inilence, and streptococcal peritonitis is consequently a gra\ c 
infection Itmay arise m the course of scarlet fc>cr but is most common 
as a complication of puerperal endometritis From the uterus the 
organisms gain access to the peritoneum along the uterine tubes, or 
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fixation abscess and maj therefore be regarded as a beneficent reaction 

In the early stages of pneumococcal peritonitis there is an oilj or 
sticky exudate m the pehis, and the peritoneum is \erj congested 
Later the exudate becomes •naterj or shghth blood stained, and 
e\entuallj purulent, and there ina\ be flakes of fibrinous Ijmph, 
'which adhere to the peritoneum or to the intestme The fimbri® of 
the uterine tubes show a fierj hjpeKcmia, and pus, containing pneu 
mococci, can be expressed from their lumen The mtenor of the tubes 
presents the signs of catarrhal inflammation In some, especiallj in 
older children, the process is more chrome, and the mfection becomes 
localized by adhesion of the inlestmes and the omentum, so that a large 
pehne abscess results The process may be sufficientlj clironic to 
create confusion n ith tuberculous peritonitis or sufficientlj acute to 
simulate acute appendicitis The abscess may rupture at the umbilicus 
or into the bladder or rectum 

As primary pneumococcal peritonitis begins in the pelvis, irritation 
of the peh ic s iscera, especially the colon and bladder, is the outstanding 
sign of the disease, and therefore the child suffers from frequent or 
painful micturition as veil as from tenesmus and diarrhcea with much 
mucus or even blood in the stools After peritonitis has persisted for a 
time the sj stcmic effects of the pneumococcal mfection become manifest, 
and tlie pulse rate and respiration become rapid and tdxxmia is severe 
There is usually a considerable leucocj tosis, and in blood cultures the 
pneumococcus can often be found In the later stages the sjstemic 
illness maj completely overshadow the peritonitis In joung children 
the disease runs a rapid course and generallj ends fatally , but m older 
children recov ery may occur 

Secondary Pneumococcal Pentomtis This occurs as a complication 
of some other pneumococcal lesion, such as pneumonia or empjema or, 
occasionallj , otitis media Either sex may be affected, and though the 
disease is commoner in children it may occur in adults Infection 
reaches the peritoneum by the blood stream and at the same time there 
may be other secondary pneumococcal manifestations, such as pen* 
carditis and meningitis Any part of the peritoneal cavity may be 
involved Sometimes the peritonitis is very localized, m others it is 
widely diffused The exudate may be serous or purulent If recov erj 
occurs a localized abscess may form 

Similar to secondary pneumococcal peritonitis is the streptococcal 
peritonitis that is sometimes seen in chilifliood Tlie organism is usuallj 
of a hffimolj tic v anety, and its source maj be the nasopharynx or the 
lower respiratory tract A few cases have been traced to the genital 
tract in females The sexes are affected about equally 

STREPTOCOCCAL PERITONITIS 

The streptococci m peritonitis are frequently haimolytic organisms 
of great v inilence, and streptococcal peritonitis is consequentlj a grave 
infection Itmav arise in theeourseofscarletieier, butis most comnion 
as a coiniihcation of puerperal endometritis From the uterus the 
organisms gam access to the peritoneum along the uterine tubes, or 



DISEASES or THE PEElTOyEUAI 


directly through the uterine wall, or by way of infected thrombi in the 
broe uterine reins. The disease may remain localized to the pelvis, 
but often spreads diffusely or« the greater part of the abdomen. The 
fiuid exudate is thin, Tratcry and often sanguineous, and it contains 
few pus cells but immense numbers of organisms. A striking feature is 
the great dilatation of the gut, and the laxity of the abdominal wall 
after childbirth allows the distension to proceed to an extreme degree, 
so that the abdominal enlargement even exceeds that of pregnant^. 

Pc^-operdhe ptritonilU also is often due to streptococci, though 
coliform predominate. The condition may arise ftom soiling 

of the peritoneum at operatioa or from some subsequent cause, 
for example, from leakage at an anastomosis, but in some cases the 
source is not discoverable. In such ciroumstanees a hgmatogenous 
infection from distant septic foci may be incriminated, but there is 
good reason to suppose that most frequently there has been con- 
tamination at the time of operation, from faulty technique. 

Post-opealivc peritonitis is remarkable in that many of the usual 
signs of peritonitis are absent. There may be no pain, no abdominal 
tigidrty and no rise of temperature, but only gradually increasing 
dirteosioa and duodenal decline. 

TUBERCULOUS PEmTO.VmS 

Tuberculous peritonitis may affect persons of either sex and at any 
age, but It is commonest in childhood and early adnlt life. In the 
majority of cases infection is derived by direct extetisioa from some 
primarv’ focus withm the abdomen, such as a tuberculous ulcer of the 
small intestme, mesenteric lymph glands, or a tuberculous uterine tube, 
^metimes infecticQ is blood-borne frnm foci elsewhere or there may 
be active tuberculosis in the long and pleura or ebewhere. 

Acute Tubercolcus Peritomtb. Acute tuberculous peritonitis mav 
occur alone or as part of a generalized miliaiy infection. The peri- 
toneum becomes covered numerous minute grejTsh tubercles and 
a Gajd exudate usuaDy of a serous character accumulates. Smcc 
the spleen is enlarged and a lymphocytosis b present the condition is 
liable to be m ista ken for typhoid fever, espeaaUy as the constitutional 
disturbances are verj* similar. 

A suppurative type of tuberculous peritonitb occurs, but is distinctly 
rare- It b sem chiefly in young girb and b usually secondary to disease 
of the uterine tubes. The peritoneum becomes thickened and cedema- 
tous, and covered with jefly-like exudate. Tubercles are scattered over 
the surfaces, but are often obscured by the thw-tr exudate. The effusion, 
which may AH the whole abdominal cavity or be restricted to one part 
of it, b thick, gru^us and often of a grerabh colour. The disease runs 
a rapid ctwrse, with pronounced emaciatioa and a hectic temperature- 
If untreated the abscess may come to the surface, usuallv at the 
umhUicus, and a ffscal fistula may result. 

Chronic Tuberculous PedtoniUs, This b considerahly more common 
than ^ acute form, and b usuaDr doe to spread of infectkia from the 
small intestine, from a caseous meseiterie lymph gland, or from the 
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uterine tube Three distinct clinical types may be recognized (!) the 
ascitic type, (2) the dry or adhesive tjpe, and (3) the cncjsted type 

(1) The ascitic type usuaUy affects children or young adults, but 
occasionally occurs in later life Tlie tubercle bacilli, disseminated 
tlirough the peritoneal cavity from a primary focus, are implanted 
on the peritoneal surfaces, and innumerable >elIo^Msh grey tubercles 
dev elop, v arj ing in size from that of millet seeds to peas or ev en larger 
They may be confluent and give nse to a considerable mass 

A fluid exudate gathers in the pentoneal cav ity, and may ev entuallj 
collect m such large amount that the abdomen becomes distended, the 
skin stretched and shiny, and the superficial veins dilated Such a 
prominent abdomen contrasts strangel> with the emaciated thorax and 
extremities In boys a patent processus vagmalts may become filled 
with the fluid, and its peritoneal lining the seat of tubercles The fluid 
IS serous m character, usually clear and straw coloured but sometimes 
turbid or even blood stained JVficroscopically it is found to contain 
lymphocytes in excess Bacilli can rarely be demonstrated, even after 
centnfugalization, but their presence can be proved bj guinea pig 
inoculation 

(2) The drj tjpe is characterized by formation of extensive 
adhesions, which bind together adjacent viscera especiallj coils of 
ileum This form is usually limited to one part of tlie abdomen and 
IS especially marked around the pnmarj focus of infection, for example 
a caseous mesenteric gland Intestine coils adhere and these together 
with the thickened mesentery and omentum ma> sometimes be felt 
as an irregular doughy swelling Caseation within the mass is common 
Sometimes the omentum is mflUrated with tubercles and becomes 
bunched up into a firm cvlindrical mass, which maj be felt Ij mg across 
the upper abdomen Often the parietal peritoneum is greatlv thickened 
and cederaatous and m some cases so extensive are ti«,'"'lhesions ot 
the viscera to the abdominal w all that exploration is impossible Fistulce 
are common in this form of disease, either between various portions of 
the intestinal tract or to the exterior Another complication of some 
frequency is intestinal obstruction which, however, seldom culminates 
acutely Even if the condition resolves there will still remain a grave 
risk of obstruction or ev cn strangulation from adhesions 

(3) The enej sted form is rare It may be regarded as a combination 
of the other two tjTies, for there is a localized collection of fluid in a 
region bounded by fibrous adhesions The fluid collection is often 
situated m the pelvis, and in women it is liable to be mistaken for an 
ovarian cjst Smee the fluid is walled off by adhesions of intestinal 
coils the swellmg may be tjmipamtic on percussion Apart from the 
localized collection the remainder of the peritoneal cavitj maj he free 
from disease 

BILIARY PERITONITIS 

Intraperitoneal extravasation of bile may follow injury to the 
biliary tract, it may result from perforation of the gall bladder in 
acute cholecjstitis, or it ma> occur without demonstrable cause Its 
effects depend pnncipallj upon the presence or absence of infection. 
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for m man, unlike certain laboratorj animals, a sterile clfusion of bile 
leads to rejnarkabl> little disturbance, probablj because human 
bile contains comparatnely httlc of the to-^ic bile salt, sodium 
tauracholate 

(1) Biliar> extra%asation due to trauma is generally a sequel to a 

se^ ere crush injury rupturing the bile ducts close to the porta hcpatis 
Bile accumulates m the peritoneal sometimes painlesslj, and 

reabsorption of its pigment leads to jaundice In some cases a remark 
ablj large amount of bile escapes In tlie case reported bj Barlow ui 
1844 32 quarts of pure bile were evacuated bj paracentesis during three 
months with ultimate survival 

(2) Biliarj extravasation due to cbolec>stitis occurs mamlv m 
fulmmatmg infections in elderlj persons The perforation may be a 
large one or so small as to be barelj v isible, as in Leriche’s case, in 
which the bile filtered through an apparently intact gall bladder wall, 
‘ a veritable biharv dew The fluid is highly mfective and leads to 
diffuse peritonitis which m nearlj 50% of cases proves fatal 

(8) Bihar) extravasation without obvious cause, the so called 
“ perforationless biliarj peritonitis,” has on!) recentlj been recognized 
The extravasation occurs suddenl), with s)Tnptoms suggesting a 
gastric OP duodenal perforation There is free bile m the peritoneal 
cavity, and the extrapentoneal tissues round the common bile duct are 
discoloured or almost necrotic, but there is no evident perforation 
and neither the site nor the cause of tbe leakage is apparent It seems 
likely that in most cases there has been a minute perforation of the 
common duct which has heated spontaneous!). The perforation has 
been attributed to rupture of a glandular cr)'pt in the duct wall, to 
ulceiatn e cholangitis, or ev en to erosion of the mucosa of the duct b> 
reflux of pancreatic juice from tbe biliary ampulla 


SUBPIIRENIC ABSCESS 

Subphrenic abscess is a sequel of mfection elsewhere in the abdomen 
Tlie toxffimia to which it gives rise and the maccessibihtj of the mfcctiv e 
process account for the anxiet) with which it is regarded 

In the majoritv of cases subphremc abscess follows an intra/- 
abdominal suppurative lesion, and of these full) 50% are attributable 
to gastric or duodenal affections and to appendicitis, the remainder to 
diseases of the liver and bile passages, or of the mtestmes, kidnevs or 
pelvic organs Occasional!) a subphrenic abscess follows infection 
above the diapliragm such as emp)ema, but it is remarkable that 
transdiaphragmatic spread is much less common from thorax to 
abdomen than m the reverse direction Rare!) a subphrenic abscess 
follows hematogenous infection from a distant source 

Anatomicallv , tbe subphremc region is dinded into six potential 
spaces by the cruciform arrangement of the peritoneal ligaments of the 
liver, and Barnard has emphasized that infections are often limited to 
one of them, and that the particular space infected depends upon the 
site of tbe original disease and the avenue of infection Of the six 
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potentnl spaces there are three on each side of the mesial plane, two 
intra and one extra peritoneal , 

The right anterior mtraperrtoneal space is the upward prolongation 
of the mam peritoneal ca^ ity in front of the li\ er, and it occupies a 
position under the right \ ault of the diaphragm The right posterior 
intraperitoneal space is subhepatic rather than ‘subphrenic, and is 
usually described as the subhepatic or right kidnej- pouch The right 
extraperitoneal space corresponds to the “ bare area ” of the In er, 
between the layers of the coronary ligament 

On the left side the anterior intraperitoneal space occupies the left 
vaultofthediaphragm m front ofand above the stomach , thepostenor 
intraperitoneal space is merely the upper part of the omental bursa, 
and the extraperitoneal space does not exist in health, but appears 
where pus, collecting around the upper evtrenutj of the left kidnej , 
separates the peritoneum from the diaphragm 

The a\enue bj which infection reaches one of these spaces vanes 
in different cases From a perforated duodenal ulcer infected fluid is 
dnerted to the right of the mesial plane by the projection formed 
by the a ertcbral column, and under the influence of gravity and the 
aspiration action of the diaphragm, the fluid usually readies the sub 
hepatic or right kidney pouch (right posterior intraperitoneal space) 
A gastric ulcer on the anterior aspect of the smaller curvature readily 
infects the left anterior compartment, and one on the posterior aspect 
leaks directly into the omental bursa (left posterior intraperitoneal 
space) Appendicitis usually leads to abscess formation m one of the 
compartments on the right side, the intraperitoneal spaces are liable 
to be involved as a result of a fairly diffuse peritonitis, and the extra 
peritoneal space may be infected by cellulitis spreading along the retro 
caical connective tissues 

It is important to recognize that a subphrenic abscess is not nhvajs 
a single large cavity, and that there may be several pockets com 
municatmg bj narrow channels or separated by soft adhesions The 
pus IS thick, and often contains necrotic areolar tissue Gas may be 
present, either from the action of gas producing organisms or as a 
result of leakage from a hollow viscus such as the stomach W hen the 
abscess is situated towards the front it may displace the liv er downw ards 
and approach the skm surface below the costal margin, but often 
the liver is extensively fixed by adhesions, and the abscess then 
elev ates the diaphragm Elev ation and fixation of the diaphragm indeed 
constitute a significant radiological evidence of subphrenic abscess 
The infecting organism is most commonly B colt, often mixed v\ ith 
streptococci Not infrequently anaerobes are present 

A subphrenic abscess may undergo resolution or become chronic, but 
much more often it progresses, and if imrclieved proves fatal In rare 
cases it ma> rupture spontaneously into the lung, pericardium or 
stomach or even at the skin surface Frequently the condition is 
complicated bj basal pleurisy and reactionary effusion Adhesions 
bind the elevated diaphragm to the parictcs and obliterate the costo- 
phrenic sinus, an effusion collects m the pleural cavity, clear or purulent, 
but m either case often sterile 
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TUMOURS OF THE PERITONEUM 
Primar\ tumours of the peritoneum are extremely rare, and indeed 
it IS doubtful if thej exist Man> supposed peritoneal tumours have 
Ijeen described but m most cases there has been no conclusive proof 
of tbeir peritoneal origin, and it is suspected that man) alleged examples 
are either secondar) growths or tumours arising from the extra 
peritoneal tissues 

Secondar) tumours on the other hand, are common In the great 
majority the) are metastatic deposits from pnmat) growths withm 
the abdomen most often in the stomach, osaries or large intestine 
In other cases the) are derived from more distant sources, for example, 
the breast 

Dissemination of free tumour cells through the cavit) of the pen 
toneum may take place at any tune after the growth has reached the 
serous surface Once set free tumour cells may be implanted in any 
part of the ca% it) and there proliferate Generally the cells gni\ itatc 
towards the pelvis and form multiple nodules o\er the pelvic floor, 
and sometimes one may even grow to such a size as to be palpable 
per rectum such a mass in the pelns may simulate a primary tumour 
growing from the colon or pelvic or^ns, especially if the actual 
primary lesion is relatively symptomless Often the malignant cells 
become implanted on the surface of one or both ovaries, and there 
set up secondary growths, which may attain considerable size The 
so called Krukenberg tumour anses m this fashion It is a secondary 
carcinoma derived from a primary growth m the stomach, colon or 
other organ, and its special feature is the presence of globules of clear 
mucoid materul withm the cells with displacement of the nucleus 
creating a ‘ s^et ting ’ appearance The delayed appearance of 
gastric or intestinal svroptoms renders such tumours very liable to be 
mistaken for pnmarv growths of the o\ ary 

In other cases tumour cells floating freely in the peritoneal cav ity 
ate caught in the great omentum and proliferate to form a bulky sausage 
shaped or apron like mass readily palpable tlirough the abdominal wall 

One of the most outstanding features of secondary peritoneal 
involvement is a fluid exudate A small amount of free fluid may be 
present before any definite nodules are visible or palpable and when 
found at exploratory operation is very suggestive In the later stages 
the exudate increases and causes great abdominal distension The 
fluid at first may be clear, but is usually blood stained and on micro 
scopical examination tumour cclb may sometimes be found 

Tumours of the great omentum are almost aivvavs secondary to 
growths m other parts of the abdomen, most often m the stomach 
colon o\ ary or gall bladder Primary sarcoma of the great omentum 
has been described but is extremely tare 

PSEUDO>IYX0^1A PERITONEI 

This remarkable condition is characterized by masses of gelatinous 
or mucoid material m the peritoneal cavity, either localized to a particular 
region or more widely diffused It occurs as a complication of two 
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entirely different pathological lesions, Tvliich superficially appear to 
possess little in common, namely, cystic tumours of the o\arj and 
mucocele of the appendix 

(1) Secondary to Ovarian Tumours In most cases the primarj 
lesion IS a pseudomucinous cystadenoma, and the peritoneal mvoUe 
ment is usually attributed to the rupture of one of the cjsts, ^vith 
escape of its contents Pseudomyxoma peritonei maj, honever, be 
present where there is no evidence that a cyst has ruptured, and 
perhaps more surprising still, it practically never follows accidental 
rupture of a cyst during operation 

The peritoneal cavity becomes filled with immense quantities of 
yellowish jelly like material, which may be scooped out m handfuls 
In some cases it is distributed diffusely in homogeneous layers and 
insinuates itself into all recesses of the cavity, even to the subphremc 
space , m others it is circumscribed into large globular masses which 
he between intestinal coils or m the pelvis 

It IS now acknowledged that the jelly is not colloid or even 
mucoid but is almost always composed of pseudomucin though 
occasionally true mucin is present Its mode of formation is not under 
stood It has been regarded as a product of the lining cells of the 
peritoneal cavity, a response to the irritation of the fluid exuded from the 
primary tumour, but it is difTicult to accept this explanation because no 
comparable reaction on the part of the peritoneum has been w itnessed in 
other diseases The generally acceptable v levv is that the pseudomucin 
IS elaborated by the cells of the primary tumour, although such cells 
are usually scanty and difficult to demonstrate 

^Vhatever its origin, the exudate causes a form of low grade 
inflammatory change m the peritoneum Fibrin forms and surrounds 
the jelly material with a delicate capsule, which later is fibrotic Fine 
strands of fibrous tissue also traverse the jelly and fix it to the pen 
toneum so that at operation the masses are separated with some 
difficulty, leaving behind stringy, viscid tags The general peritoneal 
membrane may also show reactionarv changes 

(2) Secondary to Disease of the Appendix A number of eases have 
been described in which a form of pseudomyxoma peritonei has followed 
appendiceal disease In some, a mucoid carcinoma of the appendix 
lias probably been responsible In others, there has been a mucocele of 
the appendix or a diverticulum, which has ruptured, disseminating its 
contents It is not known whether the gelatinous material is the result 
of peritoneal imtation, or whether it is the product of mucus secreting 
epithelial cells that hav e been set free from the appendix There is a 
further possibility , namely , that the ruptured mucocele remains m free 
communication with the peritoneal cavity, and thus continuously 
discharges its secretion 

The effects are very similar to those described m relation to ovarian 
cy sts, but they are more frequently localized to the immediate neigh 
bourhood of the appendix, and only rarely become widespread The 
appendix is buried in a gelatinous mass the size of a small orange, or 
ev en larger and the neighbouring peritoneal surfaces show reactionarv 
changes with fibrosis 
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diseases of the peritoneum 


torsion of the omentum 

Abnormal fixation of the great omentum, as within a hernifll sac 
or from adhesion to a viscus, may provide nn obvious axis for rotation 
There are cases, however, in which torsion may affect a seemmgh 
beaUhj omentum It has occurred most often, m adults oier thirtj 
j eats who ha^ e recentlj become obese, but the underlying cause (as 
applies to torsion of organs in general) remains obscure, although \ enous 
engorgement followed by elastic recoil of arteries is a current explana 
tion of its origm The twist is alwa>s cloclovise and may be a single 
rotation or as manj as eight The obvious effect is strangulation, and 
it IS therefore not surprising that the omentum forms a palpable sw elhng 
and that a blood stained effusion develops witbm the abdomen The 
condition IS important m that it may simulate appendicitis or chole 
cjstitis 

TUBERCULOSIS OF THE MESENTERIC LYMPH GLANDS 

The lymph glands in the abdomen especially those draming the 
lower part of the ileum and the first part of the colon, are commonlj 
the seat of tuberculous infection Indeed, in Scotland it is still 
common primary sites of tuberculosis, especially in childhood General 
experience suggests that this is not true in otlier parts of the world 
Tuberculosis of tiic Ijmph glands m its active form occurs m children 
or vouiig adults and may be responsible for prolonged ill health and 
intestinal disturbances Later calcification is evidence that at nn 
earlier date the glands hav e been the site of caseation 

The glands are mfected by wray of the intestine, and probably milk 
IS the common vehicle by which the tubercel bacillus is conveyed to the 
body but in most cases of tuberculous adenitis the intestinal lesion is 
not obvious Sometimes only one gland is diseased, but more often 
sev eral are involved At first the glands are discrete and firm, and only 
a tew points of caseation are found m each Later groups of glands are 
affected, and an irregular confluent mass results which may be palpable 
Such a mass is situated most often in the ileoc'ecal region, hut similar 
masses may be present at luglier levels in the mesentery Sometimes 
the tuberculous lymph glands soften and form abscesses Rarely such 
an abscess ruptures into the peritoneal cavity and may give nse to 
genenlized (though not necessarily fatal) peritonitis 

Tuberculous mesenteric glands tend to heal by fibrosis and if they 
are caseous, calcification is the usual result Localized fibrosis of the 
mesentery may result in contraction with angulation of the intestine 
Adhesion of a loop of intestine to the surface of a tuberculous gland is 
of fairly frequent occorrence, and may cause kinking by obstruction 
In a few instances a mass of tuberculous glands situated at the root of 
the mesentery of the small intestine has by pressure led to duodenal 
ileus Cases have been observed m which the prolonged irritation from 
calcified glands in the pelvic mesocolon has resulted m megacolon 
In radiographic investigation of lesions outside the intestine, the 
shadows of calcified tuberculous lymph glands mav create confusion 
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W hen the shadows are in tlie region of the kidne> or in the line of the 
ureter they may simulate calculi in these organs The shadows of 
calcified glands are often multiple but in density are not so uniform as 
those of calculi, and they may alter their position on change of posture 


EMBOLISM AND THROMBOSIS IN THE MESENTERIC 
BLOOD VESSELS 

Occlusion of the mesenteric vessels may invohe the arteries or 
the \eins, and m either case it usually leads to infarction of a part of 
the intestine Venous ocdusion is always due to thrombosis, hut 
artenal occlusion may result from primary thrombosis or from the 
impaction of an embolus Rupture of the mesenteric \ essels, as mav 
Occur from a crush or blast, if not fatal from hemorrhage, maj produce 
the same effects 

In surgical practice these lesions are rare They occur usually m 
subjects past middle life with disease of the circulatory system, and thej 
gne rise to a ier\ acute and generally fatal illness Diagnosis can 
rarely be made ^ith certainty before the abdomen is opened 

The anatomical peculiarities of the mesenteric circulation require 
consideration in order that the mechanism of infarction ma} be 
understood The anastomosis between the superior and inferior 
mesenteric arteries through the ascending branch of the inferior 
mesenteric and the middle colic arter>' is a slender one , and if the 
superior mesenteric artery be suddenly obstructed the inferior mesenteric 
IS insufficient to compensate for its loss, olthough when occlusion 
IS gradual a collateral circulation may be established Collateral 
circulation m the mesenterj of the small mtestme is very free through 
tlie channel of arterial arcades that connect the twehe or more 
mesenteric \ essels, but not through the arteries that pass from the 
terminal row of arcades to the gut These arteries are known as the 
\asa recta They arc short vessels and do not communicate freelj 
ivith one another m the mesenterj or on the surface of the bowel 
Consequently if the ^asa recta or the distal arcades are obstructed 
the vitality of the affected portion of intestine is imperilled The dis 
position of the mesenteric veins, though not so imiform, corresponds 
roughl} to that of the arteries 

Artenal Occlusion 

Embolism accounts for the majority of cases of arterial occlusion 
The inferior mesenteric artery, on account of its small diameter is 
rarely entered by an embolus but the superior arter\ is of larger 
calibre and, at its origin, runs almost parallel to the aorta, and is 
consequently more often occluded An embolus may originate in the 
heart or in the aorta or sometimes from a p}ffimic mfarct m the lung 
tliat has led to septic thrombosis of the pulmonary veins An embolus 
from the heart usuallv takes the form of an organized vegetation from 
the mitral or, less often from the aortic vah e , and it may be detached 
during the acute stages of endocarditis or at a remoter period Emboli 
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from the aorta usuallv arise from o^anired clot formed on an atliero 
matous plaque or ulcer 

The superior mesenteric trunk and its larger branches are affected 
with about equal frequencj The effect of the impaction of the embolus 
in the mam trunk is to cause immediate arrest of the circulation distally. 
^ enous flow m the mesenterv ceases , and, as there are no -n alves m 
the portal veins venous engorgement occurs from backflow m the 
mesenteric veins Finally, i^aretion of the intestme occurs If the 
embolus is arrested lower down in the mesentene nrtcrj or m one of 
Its laiger branches the collateral vessels are sufficient to mamtain 
the circulation, and would solBce to keep the mtestme alise were it 
not for a secondarj thrombosis that usuaU> extends centrifugallv from 
the site of the embolus If thrombosis reaches the termmal arcades or 
the vasa recta infarction is meltable 

Primary thrombosis m the mesentene artenes is \ ery rare It may 
occur as a result of extension of atheroma of the abdommal aorta, 
from thrombosis arising m an aneuijsm of the superior mesentene 
alter} and rarely m association with throraboangeitis obliterans 
Continental writers ha\e suggested that local arteriosclerosis of the 
mesentene arteries may cause thrombosis, and that such narrowmg 
may be a cause of painful mtestmal crises in elderl> subjects 

Venous Occlusion 

Tluombosis m the mesenteric reins mav be sccondar} to obstruction 
ID the portal vein, eg, from pressure of tumours or in anhosis, but it 
IS more often mitiated by infective processes in the viscera drained by 
them 

Appendicitis with suppuration is responsible for most cases The 
thrombosis is of an infective character and usual]} leads to portal 
p^a:Ima with abscesses in the liver (»rep 574) The pjlephlebitis, which 
IS commonest in the ileocolic vein, ma} be found at operation, but more 
often it arises as a post-operative complication Its frequenc} is less 
than 1 per 1 000 cases of acute appendicitis 

Simple thrombosis of the veins ma}, in rare instances be com 
pensated through collateral vesseb but if the process extends to or 
ongmates in the penpheral arcades or their tnbutanes, infarction 
ensues 


Results of Mesentene Vascular Occlusion. 

The pathological effects of mesentene vascular occlusion, general 
and local, are similar to those of strangulation of the intestine and 
are dependent on the length of bowel involved {see p 490) Haimor 
rhagie infarction is the usual result Whether the obstruction is 
arterul or venous the mtestme and mesenterv become congested, 
swollen and osdematous Blood stained serous fluid is exuded into 
tlie peritoneal cavnty, and a hamorrhagic exudate forms in the lumen 
of the bowel With the onset of infarction the intestme assumes a 
dull purple shade, loses its elasticit}. and fmall} becomes gangrenous 
The whole small mtestme or a small section of it may be mvolv ed The 
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line of demarcation is rarely abrupt At operation the mesentery is 
1 ery turgid and friable, and is pulseless over a wide area 

Mesenteric occlusion results m a fulminating abdominal illness 
with features simulating intestinal obstruction or internal h«mor 
rhage The swollen mtestme may give rise to a palpable tumour and, 
if melajna is present, the resemblance to mtussusception may be \ ery 
close 

Operative treatment aims at resecting the devascularized area of 
intestine and mesenterj in the hope of arresting the spreading throm 
bosis and averting toxic absorption Success has followed removal of 
as much as 14 feet of the small mtestme 

RETROPERITONEAL AND MESENTERIC CYSTS AND TUMOURS 

The majoritj of cj sts and tumours in the retroperitoneal tissues or 
mesentery arise from the pancreas, kidneys, adrenals, and lymph glands, 
and are described m their respective chapters There remam, howev er, 
a certain number which arise otherwise, and it is to them that the terms 
retroperitoneal or mesenteric cj'sts and tumours are usuallj applied 

The classification of these conditions is unsatisfactorj , for some are 
simple retention cysts, others are cj'stic tumours, and > et others arc solid 
tumours They maj arise either between the layers of the mesentery 
or mesocolon or m the retroperitoneal areolar tissues Cysts in the 
mesentery tend, os they enlarge, to expand the base of the mesentery 
and ev entually to assume a retroperitoneal position, and c> sts arising 
m the retroperitoneal tissue sometimes bulge between the layers of the 
mesentery 

In general these retroperitoneal or mesenteric swellings tend to 
displace the viscera fornards and they may cause symptoms by 
pressure on the stomach or intestines The ureter, being adherent to 
the posterior parietal peritoneum, may be compressed, and secondary 
hydronephrosis occur 


Cysts 

The following classification of retroperitoneal cy sts has been 
suggested — 

( X) Traumatic blood cy sts arising from an encapsuled hxmatoma 

(2) Inflammatory tuberculous cysts arising from glandular 

infection 

(3) Parasitic hydatid qrsts, usually secondary to echinococcus 

disease of the liver 

(4) Neoplastic cy^ts arisingfrom the degeneration of tumours 

(5) Dermoid evsts 

(6) Dev elopmental cysts 

Only the last variety requires further consideration 

Developmental cysts are generallvundocularcysts of simple structure 
They lie in the retroperitoneal fatty tissues and are unattached to their 
surroundings except by areolar tissue The wall of the cy st is composed 
of fibrous tissue and may be thin and almost translucent or very 
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thick- Sometimes there is a membrane of columnar, cuboidal or 

fianened cells The content is usuallj a straw-coloured watery Quid of 
low sp^iSc gravity, or it may be blood stamed or cbilous Rarelj a 
multilocular cyst may contam chylous and clear fluids m separate 
compartments 

The ongm of the<e developmental cysts is not clearly delermmeu 
and it cecn^ possib'e that it i-anes la different examples The foDowing 
possible modes of ongm have been suggested : (I) lymphatic ; (2) entero- 
genous , (3) mesocolic . (4) mogemtal 

Lynp^aite eysts, anjiag from dilatalion of lymph vascular networks 
present m embrvome life are known to occur m the neck, where they 
form large thm walled car ities present at birth (cystic hygroma), and 
it IS posible that <ome retroperitoneal cysts bare a similar origin. 

Enifrogfnous eyrti are very rare, and almost always they arc situated 
do«e to the ilectsecal region They ate believed to originate in con- 
genital diverticula of the small mtestme which have lost their con- 
tmmtv with the gut 

Vcsoco/ic cyrt* are hel eved to ongmafe from failure of coalescence 
of the two pojrtenor lavers of paneta] pentoneum during the third 
<tage of intestinal rotation (tee pi 4SS) It is said that the persistence 
of small islands of pentoneum m such circumstances is responsible for 
some retroperitoneal cysts contaixung watery Quid 

L rogemtal eys's are probably the commonest form of developmental 
retropentoaeal cj'sts They are denved from rudiments of the meso* 
nephros (ITolffisn body) or from other sequestrated portions of the 
developing genito-unnaiy system Generally they are simple unHocuIsr 
cavities containing clear watery Quid, but they may be multilocular* 
and occasionally they resemble the multilocular cystic tumours of the 
ovary 

Tumours and Cysbc Tumours 

^arcowa xs the commonest retropentoneal tumour. It occurs most 
often m the petmepluic region, and principally affects young persons, 
Round-cell and <pindJe-c<I] varieties are described. In its gr o wth and 
pathological characters it re«emb!es sarcoma m other parts of the bedv. 

^ (sympalhicoblastonia) is not uncommon in voung 

children, in whom it fonns a rap dly growing tumour of great malig- 
nancy It arises from the autonomic system, and closeh resembles 
tumours of the adrenal medulla (tee p 004) 

Gans}ioneuroma m3\ arise in the retropentoneal tissues, or oecacion- 
ally m the mesenterj. It too arises from the autonomic chain, and 
resonWes tumours of simSar ongm ansmg from the adrenal medulla 
and in the mediastmum TypjcaUj , it is a finn rounded tumour which 
grows «Iowlv to considerable sue and remains encapsuled, but occasion- 
ally assumes malignant characters. 3Lcroscopical]%, it contains 
mednllated and non meduUated n«ve fibres and numerous cannbon 
nerve cells. ° 

Lipema m the retropentoneal tissues is not uncommon. A fipo- 
larema or mutd (attr tumour bus bern described, srhich is chanic- 

tenredbs stendeuej loiarJtrutorndelTu. Iheretropenloneal space ard 
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even mto the vertebral canal. To the naked ej e it somev hat resembles 
a lipoma, but microscopically areas of sarcomatous infiltration are 
evident. 

Teratoma in the retroperitoneal tissues may be solid or cystic and 
may attain large size and cause pressure symptoms The tumour is 
behe\ed to arise from misplaced totipotent cells from the blastomere, 
or from aberrant sex cells It occurs principally in women. 
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CHAPTER XXVIII 

DISEASES OF THE GALL-BLADDER, LIVER AND 
BILE DUCTS 

FUNCTIONS OF THE GALL-BLADDER 

Despite the common observation that cholecystectomy causes 
or no digestiv c disturbance there can be no doubt that the gall bladder 
IS bj no means functionless, and experimental researches suggest that 
it plaj s B ^ aluable part in the physiolc^ of the biliary s> stem 

(1) Concentration of Bile As early as the eighteenth century it 
•was recognwed that duting its stay in the gall bladder the bde becomes 
daiket and of less watery consistence, as though concentrated, and ui 
recent years clear proof of such a process has been forthcoming from the 
experimental work of Rous and McMaster These workers, making use 
of the fact that in the dog one of the hepatic ducts enters the common 
bile duct below the level of the gall bladder, were able to separate bj 
ligature tno systems of bile ducts— one connected witli the gall bladder 
and one draining directly from the liver By comparing tlie pigment 
content of bile derived from each of these systems, the degree of con 
centration of the bde ivhich had entered the gall bladder could be 
estimated From these experiments it becomes es ident that the gall 
bladder is able to absorb water from the bile with grest rapidity, 
concentratmg the bile withm the space of a few hours to n tenth part 
of its former bulk 

(2) The Reservoii Function The importance of tbe concentrating 
property lies especially m the fact that it enables the gall bladder, in 
spite of its small size, to oct ns an adequate reservoir for the bde, 
storing It in the intervals of digestion and pouting it forth into the 
duodenum as required Secretion of bile from the liver is continuous, 
and from 20 to SO ozs arc secreted in the course of 24 hours but bj 
concentration the volume js greatly reduced, and the gall bladder, 
whose capacity is about 2 ozs , js thus of adequate size 

(8) Regulation of Pressure in the Biliary System \lhene%er the 
sphincter at the lower end of tbe common duct is contracted the bile is 
dammed back in the duct system, but by concentration m the gall 
bladder and by the elastic eikpansion of this > iscus the potential “ back 
pressure ” is countered, and the smaller intrahepatic passages are 
protected from distension Evnlenee of the importance of this function 
is seen when a functioning gall bladder is removed, for some temporary 
dilatation of the whole duct system often then occurs It is seen again, 
and m more obvious form in the early stages of complete obstruction 
of the common duct, for in this esent a functioning gall bladder, by 
concentrating the bile and by becoming dilated, delavs the increase of 
intraductal pressure ami thus hinders the onset of obstructn e jaundice 
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(4) Relation to Cholesterol Much has been written on this subject, 
and directly opposite opinions faa\e been expressed, some authorities 
bebeving t^t cholesterol is absorbed from the bile m the gall bladder, 
others that cholesterol is excreted by the vesical mucosa At present 
absolute proof is lacking, but there is some evidence in favour of the 
former view This will be considered again in relation to cholesterosis 
of the gall bladder 

(5) Discharge of Bile into the Duodenum The discharge of bile is 
go\ emed by a reciprocal ncr\ ous mechanism between the sphmcter of 
the common duct and the gall bladder, a mechanism whereb} relaxation 
of the sphincter comcides with contraction of the gall bladder, and 
allows the expulsion of bile, whereas spasm of the sphmcter leads to 
relaxation of the gall bladder and passive dilatation 

Contraction of the gall bladder with relaxation of the sphmcter of 
the common duct occurs as a result of the presence of fats m the 
duodenum, and maj follow the mtraduodenal administration of % arious 
other substances, notably peptone and magnesium sulphate Ivy and 
Oldbcrg ha\e obtained similar results by the mjection of an extract of 
intestinal mucosa resembling secretin, to which they give the name 
ehoIeetjstoJanin It is possible that a fatty meal ma> exert its effect on 
the gall bladder m a similar way b> provoking the formation of some 
such hormone m the intestinal wall 

A ^e^ erse effect — relaxation of the gall bladder mth spasm of the 
common duct sphincter— is produced b> the administration of morphine 
This drug, therefore, should be avoided when relaxation of the sphincter 
IS desired, for example in cholangitis or after removal of the gall* 
bladder 


CHOLECYSTITIS AND GALL-STONES 

There is a close relationship between cholecystitis and gall stones, 
for either may predispose to the other Thus n gall stone dcxelopmg 
as an aseptic formation may predispose to choIce\'stitis while on the 
other hand an infection of the gall bladder, primarily non calculous, 
may lead to the formation of stones 

Four possible states or sequences may therefore be recognized 
( 1 ) aseptic gall stones in a healthy gall bladder , (2) gall stones, mitiallv 
aseptic, complicated by cholecystitis , (3) non calculous cholecystitis , 
(4) cholec^ stitis, initially non-ealciilous, complicated by the de\ elopment 
of‘ septic ’stones And finally , bv the combination of the second and 
the fourth sequences (5) aseptic stones complicated b\ cholecystitis 
and by secondary “ septic ” stones 


GALL-STONES 

It IS often statetl that tlierc are three principal circumstances that 
predispose to gall stone formation (1) infection of the gall bladder, 
(2) stasis of bile, and (3) increase in the cholesterol content of the blood 
This statement is to some extent true, but it must be qualified by 
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coraidemtion of the dilterent Taneties ot stone, for these “'C '«J 
different m appeanmce and m chemical constitution and it conse- 
nuenlU enlirelj irrational to postulate a common cause 

Gallstones mas be classified ui three principal tiTCS W pure 
pimnent stones (6) pure cbolesleitil stones and (c) stone of mreed 
institution Folloicmg the icoil. of tolioi! and Eacmeister it s«ms 
most rational to rejald stones of the first tiro trp« >“ f<>"nat.ons 

resulting from derangement in the metaholism of pigment and cholesterol 
respectii eh and stones of the third tcpe as- resulting from inHaminaton 

'’'°(S*'*Pure pigment Stones (Calaura Bihmhmate) In most 
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F»c ii" Call-stones faom a stress 
berr; gall bladder The smallest 
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mmt The larger ones consist of 
lobules of cholesterol deposited 
upon minute nuclei of p gmcnL 
AiJ stages of the process axe seen. 
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countnes these stones are tmcomnion though thev are said to be the 
most frequent tvpe in Japan Thej are multiple, small and dark and 
are usually of metalhc hardness and smooth, Occasionalh the} are 
large and irregular in shape Some of them arise in the smaller hepatic 
ducts as bile thrombi others appear to originate m the gall bladder 
The^ are particular!} common m thofse circumstances in which there is 
escess of pigment in the bile as lo lMemol}-tic jaundice As a rule the} 
cause little disturbance for thej pass readds along the ducts to 
the duodenum but thev ms} occasionallv give rise to symptoms or 
ma} form nuclei for cholesterol deposition and thus lead to the forma 
lion of larger stones <»« Fig 2o2) 

(6) “Pure Cholesterol ’ Stones (95% to ©8% cholesterol) are light 
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jellow m colour, or even pure white, and are rounded or o\al, with a 
smooth or slightly nodular surface They are usually single (the 
cholesterol “ solitaire ” of Meckel v Hemsbach), or there mav be two 
or three, or e\ en sea eral Such multiple 
stones ha\e been compared to unripe — *• 


j ellow mulberries 

Stones of this type are often found 
associated ivith cholesterosis, or they 
may occur m a perfectly healthy gall 
bladder, and it appears certain that 
they arise from metabolic disorders 
rather than from infection Cholesterol 
is normally present m large quantity in 
the bile, but is held in colloidal solution 
by the bile salts, and it is not surprising 
that cholesterol deposition may result 
either from an excess of cholesterol or 
from lack of solvent bile salts Once 
the cholesterol is thrown out of solution 
it follows recognized physical laws and 
tends to aggregate in a single mass, 
which gradually increases m size over a 
long period In a certain proportion of 
cases the cholesterol is deposited around 
preformed calculi of “ pure pigment ’ 
type [see Fig 252) 

Tile close relationship of pure 
cholesterol stones to cholesterosis of 
the gall bladder is a point of some 



interest It has been suggested that the 
stones originate as “ hpoid polypi ” which 
have become loosened from the gall 


t IG Gall bladder contain 

Ing stones A pure cholesterol 
stone of aseptic origin impacted 
m n saccular dihlition close to 


bladder wall and set free in the bile, 
but it seems more probuble that both 
stones and cholesterosis result from 


the cystic duct has j rcdisposcd 
to the formation of multiple 
faceted septic stones 


a common causative factor, an increase m the cholesterol content of 


the bile 

(c) Stone of Mixed Composition (Cuktuin, Cholesterol, Ihhrubin) 
These are the common gall stones llicy are usually multiple, some- 
times numbering several hundreds, and are then alwajs faceted by 
mutual pressure Less commonly a single large ov al stone is present, 
perhaps forming an accurate cast of a shrunken gall bLaddcr, or there 
mav be three or four large barrel shaped stones Ihe gall bladder 
maj contain clear bile, or a brownish yellow dibns known as biliarv 
sand or mud The stones arc usually laminated, with a soft fruble 
brownish centre rich in cholesterol, which is surrounded by alternate 
bile stained and pale laminar ridi in calcium 

These stones are generally believed to result from infection In 
manv cases culture yields a growth of organisms, but not uneommonK 
it IS found that the stones and the bile or biliary mud are sterile. 
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and even the gall bladder wall iDa\ yield no growth In these 
cases It mav be suppo-^ that a previous infection has died out 

It IS found that * mixed * stones, even when verv numerous 
are usuallv all of one size, or mtwo ot three successive “hatchmgs’ 
or crops and it may therefore be presumed that tlie predisposing 
factors concerned are not constanlU present, butareapt to pass off and 
recur \ccoTdingtoAschoH theessentialpredisposingfactoristheoccur- 
renceofamild acute or subacute choices stitis with temporan occlusion 
of the cvstic duct and temporarv collection of mucopus m the gall bladder 
Stone formation occurs subsequentlv, when the inflammation has 
subsided and the cvstie duct agam becomes patent IThen fresh bile 
enters and meets this purulent magma, mutual precipitation occurs, and 
soft concretions form which bter become moulded to stones Quite 
eoramonl\ m addition to one or more crops of faceted stones, there is a 
'iingle rounded stone of larger sue, often wedged m the saccular dilata 
t ion (Hartmann s pouch) close to the c\ stic duct {tee Fig 2o3) This is a 
eouibinotton ttone consisting of a central pure cholesterol stone encrusted 
with secondan mixed deposits. On Aschoffs Iheon it is to be regarded 
as a pnmarv aseptic stone which bter, bv occluding the cvstic duct, 
lias gnen nse to the formation of multiple sepUc stones 

Rarer \aneties of Stones, Stones competed pnnopallv of eaJaurt 
earlonaie are uneommoa. They are usualJs rounded and fairh hard, 
and are often white and chalk like m appearance Occasionallv Vili er 
din mav xepbee the bilmibin of mixed o'- pure pigment varieties, gn mg 
a greenish colour to the stones. Rarelv stones mav form around foreign 
bodies portions of sflL or catgut, or even round worms or liver 
flukes 

Stones m the 6De Ducts Stones m tbe bOc ducts are usuallv 
derived from the gall bladder whence thev have passed mto the 
common duct either along the cvstic duct or by wav of a fistulous 
commumcatioa. Occasionallv, however, stones may arise primanh in 
the ducts, either as aseptic formations in the finer bile radicles (small 
pigment stones) or from tbe infection and bfliarv stasis associated with 
a stricture or o^truction of the common duct. Such stones in the ducts 
are said to be common in China owing possible to the prevalence of 
liver flukes and other parasites. 

Once a stone reaches the common duct its further progress depends 
upon Its size compared to tha* of the sphincter at the lower end, for the 
common duct, smee it has no musetjar coat, is unable to expel the stone 
actively Tbe stone may be earned through a lax sphincter hr the 
flow of bile and probablv maav small concretions are voided m tins 
wav Larger stores mav become impacted immcdiatelv above the 
sphincter and a stone m this situation mar project under tbe mucosa 
mto the duodenum and be most readflv accessible at operation b\ the 
transduodenal route Afore commonly the stone does not become fixed 
in position, but remams mobile withm the duct, and bv formin'' a kind 
of ball valve it gives nse to intermittent obstruction with jaundice 
OccasionaJls, however a stone lies m the common duct for a Ion'' 
period, yet remams svmptomSess At first the stone retains its earliCT 
characteristics, and ma\ be rounded, irregular or faceted kfler a 
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short sojourn in the duct, howe^ er, it receiv es a coating of soft brownish 
debits and assumes an oval shape, conforming to the long axis of the 
duct Tins putty like crust may break off when the stone is extracted 
at operation, and may form a nucleus for further deposits 

In a large proportion of cases the stone not onlj causes obstruction, 
partial or complete, but also renders the duct liable to infection 
Indeed, cholangitis is rarely due to any cause other than stones The 
common duct and all the smaller hepatic radicles become greatly 
dilated, and the bile becomes mixed with purulent dibns and with 
“ biliary mud " Cholangitic abscesses may develop and commonly 
lead to a fatal issue {see p 575) 

Recurrence of Stones after Operabon After cholec^stostomj stones 
may recur from a simple recrudescence of the factors originally pre 
disposing to stone formation — aided, no doubt, bj the increased infection 
and scarring of the mucosa whicli are apt to follow dramage In some 
cases a portion of catgut forms the nucleus for new stones Not 
infrequently, a “recurrent” stone is one oierlooked at a preMOUs 
operation 

Relation of Gall-stones to Pregnancy It is a commonplace that 
gall stones occur charactensticallj m the “ fair, fat and forty, ’ and 
that the great majority of sufferers are parous women In Naun\n’s 
experience 90% of women with gall stones had borne children and not 
infrequently they may date the first onset of the sjTuptoms of stones 
to the period of one of their pregnancies It has been generallv behe% cd 
that diild bearing predisposed to stone formation in virtue of the 
stagnation of the bile, the increased blood cholesterol content, and the 
greater susceptibility to infections during the later tnonllis of pregnancy 

It has been claimed by Gross, houeaer, that the high incidence of 
gall stones m the parous is more apparent than real, and is simply due 
to the circumstance that more than four hftlis of the adult female 
population IS m the married state Upon what apjiears to be adequate 
statistical evidence from the Leeds autopsy records. Gross found that 
in a large senes of gall stone cases the proportion of married women 
to single approximated closely to that of the general population Of 
220 females with cholethiasis, 89 8% were married, as compared with 
86 0% of a laige control scries of females with no biliary disease It 
would therefore appear that the influence of pregnanej upon gall stone 
formation is statistically insignificant The special susceptibility of 
females to gall stones must be due to some factor other than the changes 
associated with child bearing 

Gall-stones in Childhood Gall stones are uncommon before the age 
of forty jears, and are rare m childhood There are, howe\er, reported 
cases occurring m infancy and e\en in fcetal life Potter has recentlj 
collected 220 cases from the literature of gall bladder disease occurring 
before the age of fifteen jears, including 140 cases in which stones 
were present There were two examples in the feetus (sixth month 
and eighth month rcspectneh), twche m newborn children and 
twentj eight m young infants In some of the older children there was 
a historj of tjqihoid fever or other infective disease of the abdomen, 
which maj have been the (etiological factor In others, the records 
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suggest that the stones were of pigment type, and were jirobably 
associated with excessi%e hjemolysis 

Gall-stone Ileus Impaction of a gall stone in the intestine is respon- 
sible for approximatelj 1% to 2% of all cases of intestinal obstruction 
The site of impaction in the majotili of cases is the distal ileum , rarel> 
the stone is arrested in the jejunum, at the ileo ciecal vaK e or in the 
colon 

To obstruct the intestine a gall stone must necessarily be of con- 
siderable size 3 cm or more m diameter Such a stone may reach the 
intestinal tract via the common bile duct (ulcerating through from the 
lower end of the duct into the duodenum) but this is a rare avenue, 
and m the majority of cases the stone gains access to the duodenum 
rid a cholecyst duodenal fistula 

Sometimes there is a long historj of calculous cholecystitis cul 
minating in an acute attack, and it is evident that the fistula has 
resulted from rupture of the acutely inHamcd gall bladder into the 
adherent duodenum More often there is no antecedent history and it is 
presumed that a large symptomless stone m the gall bladder has 
caused gradual pressure necrosis of the contiguous walls of the two 
1 iscera 

After the stone has been extruded, the gall bladder becomes con 
tracted, forming a small thick walled cavity, whilst the fistula may also 
become greatly reduced in size 

The stone on reaching the duodenum may be carried to the ileum 
and impact aithm a few hours, or it may remain free in the intestine 
and acquire a shell o{ intestinal deposits 

The obstruction which results is at first a partial one, and ma> 
remain so during several days , eventually it becomes complete as a 
result of spasm of the intestine and ulceration and mfection of its 
mucous membrane 

Lack of antecedent history, the % finable character of the onset, 
md, in many, the absence of marked abdominal distension, render 
diagnosis difhcult and are often responsible for dangerous delay in 
instituting treatment 


CHOLECYSTITIS 

It has alreidy been shown that cholecystitis may occur alone or 
ns a sequel to gallstones Generally, when cholecystitis occurs alone 
it is of mild type and since the chnicil features also are slight, such 
cases do not often come to operation The more severe forms are 
usually associated with the presence of gallstones 

Unlike inflammation inmost other situations cholecystitis generally 
Wgins insidiously and is of chronic type from the start. Acute 
cholecystitis occurs as a complication and as an incident m the course 
of chronic disease 

CHRONIC CHOLECYSTITIS 

In health the gallbladder wall is translucent and transmits the 
blue green colour of the bile witlun The earliest evidence of 
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cliolcc\'stitis IS proMtled uhen this colour is lost and replaced bj a dull 
\ ellow opacit\ In more se\ ere e-vamples tbe \\ all is palpabK thickened 
and of pearlj « lute colour, and eaentualU the thickening maj proceed 
to an extreme degree 

The mucous membrane at first is congested and oedematous , later 
it maj become ulcerated, especiallj where pressed upon by stones, 
and eventually extensive scarring maj develop, so that the inner 
surface is trabeculated with enss cross fibrous bands {see Fig 254) 
The scarring may lead to stenosis, either at the cj stic duct or m the 
bodj of the V iscus, and m the latter case mav lead to some degree of 
hour glass deformity Occasionally in very old standing disease the 
wall becomes extensivelj calcified so that it maj be outlined m a 
radiogram {see also p 569) 

The gall bladder mav contam healthj bile but often the bile is 
pale and turbid and it may contain muco pus, stones, and tbe brownish 
jellow, cholesterol rich dibns known as biiiaij mud The stones mav 
lie loose, or thej may fiU the whole lumen and he closelj packed in a 
solid mass Occasionally thej he in small diverticula m the wall — 
parietal calculi 

JIiCTOscopically, the mucosa at first is often proliferated and projects 
m large bulbous or reduplicated folds which contrast strikinglj with the 
delicate viUi of the normal organ I^aterother signs of chronic mflamma 
tion appear, there is an infiltration with small round cells the muscle coat 
IS atrophied and fibroblastic and fibrous tissue pervades the whole 
wall 

Proliferation of the mucosa may lead to the formation of deep 
clefts lined bj epithelium, which penetrate down to or even through, 
the muscularis and when cut obliquelj in sections such formations may 
lead to an appearance like that of invading carcinomatous acmi 
(Rokitanskj Aschoff sinuses) Tliese are to be distinguished from the 
somewhat similar crypts described by Lusclika which are believed to 
be aberrant bile ducts trav ersing the gall bladder wall 

Occasionally the epithelial proliferation is more extensiv c, and leads 
to diffuse or localized thickening of the gall bladder will which is 
lioncj combed bj epithelium lined cnqils and glands, some of which 
mav become cystic (cholecystitis glandularis prolifcrans) 


ACUTE CHOLECYSTITIS 

Acute cliolccvstitis mav occur as a pnmarj event but much more 
coinmonlj it arises as an incident in the course of chronic infection 
The acute phase is usunllj precipitated b\ obstruction to tlic cj'stic 
duct as a result of impaction of a stone m this situation It maj thus 
propcrlj be called “ acute obstructive cliolecvstitis 

A stone mav be impacted within the cvstic duct proper or in the 
adjacent sacculation at the neck of the gall bladder (Ilartnuinn s Pouch) 
If the content of tlic gallbladder is aseptic it graduallj distends with 
mucus, and forms mucocele, a thin walled, almost transparent sac 
containing manv ounces of clear fluid 
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If, on the other Iiand the content of the gallbladcler is infected, 
acute obstructive cholec3*stilis develops Inflamraatorj changes then 
proceed apace both in the tissue of the wall and m the lumen The gall 
bladder becomes distended and great!) congested, its wall becomes 
thick, flesin , and cedematous, the mucous membrane becomes swollen, 
ulcerated and perhaps gan 



grenous, and pus is exuded 
into the lumen — empjema 
of the gall bladder 

If, as usual!) happens, 
this acute phase subsides, 
as the cedema diminishes, 
the impacted stone loosens 
or an) other obstructing 
agent is relieved, and the 
patency of the c)stic duct 
ma) once again be restored 
Probably the gall bladder 
nev er returns complelcl) 
to the $latus quo ante, but 
assumes a state of chronic 
inflammation, often inter 
lupted later b) acute or 
sub acute exacerbations 
Although this IS the 
usual course, it sometimes 
happens that the disease 
progresses to further com 
plications, and the infection, 
hitherto practical!) limited 
to the gall bladder, spreads 
more widel) Gangrene of 
the gall bladder wall ma) 
occur and lead either to 


P „ sudden perforation into the 

E=n.ralper.to„«Icav,lj or 
chronic cboiccj-stitis has become Ibe seat commonlv, to local 

abscess formation As a 
abscesses 

con^ted and lU mucous ineoibrane d form in the subphrenic 

JimeofoperatKmtheBaa Space 
bladder contained tnuco-pus ® ^ t, » 

Perforation of the gall 

from the direct pressure of a stone 

case it IS usually siti.af i lumen, and m such a 

cvsticductTfi tuk m impacted close to the 

Snictures especS^thTi, between the gaU bladder and other 
the »lT„’ ^TstoSil ?uT7^V' the dn«Ie„u.„, rarely, 
laise stone into the intestines, and ° 

to gall-itone xleu* “ subsequently pvc rise 
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Bactenology of Cholecystitis 

The inrectmg organisms in chronic cholecj'stitis include B coh 
and non hjemolytic streptococci mth occasional!} , B typJiosiis and 
Cl Welchii and other bacteria Similar flora ma} occur in acute 
choice} stitis though in this phase of the disease 2? coZiisbv far the most 
common 

^fuch attention has been paid to the route b\ iiinch the infecting 
organisms reach the gallbladder Bacteriolog cal investigations show 
that lu chronic disease the organism can be 
recovered from the gall bladder wall more often 
than the bile and this has been taken as 
evidence that infection results from blood 
borne organisms reaching the gall bladder iiu 
the c}'stic arter} It seems much more hkelv 
1 owever that the usual route of infection is b} 
wa} of the bile It is knowai that m chronic 
abdommal infections and even in simple 
constipation organisms gam access to the 
portal blood stream and tims to the liver 
whence the} escape into the bile and the 
character of the bacterial flora m cholcc}'stitis 
would seem to give support to the view that 
this is the important avenue of infection 

The common finding that tJie bile m diseased 
gall bladders is sterile can readily be cxplamed 
for tlic bile is constant!} flushed out and 
replaced and moreover it lias a mild inliibitmg 
efTcct on the growth of organisms 

Course and Complications of Cholecystitis 
As has ahead} been indicated cholecystitis 
generall} arises ins diousl} and pursues a chronic 
course If no stones are present or if the p,o 
stones he freel} in the lumen of the gall gall bladder con 
bladder no secondar} pathological effects are tuning stones The 
produced and apart from attacks of pain tlie p gm^nl 
disease causes little or no impairment of I ealth 

\Mien however a stone impacts at tlie neck of the gal! bladder or 
traverses the c}'sticduct it ma> gnense to a var et} of comp! cations 
Acute cholcc}'stitis lias alreadv been described As a complication 
of the acute infection local abscesses ma} form in the vicmit} of the 
gall bladder or the subpliremc space Acute perforation of the gall 
bladder mto the general peritoneal cavitv is a rare hut dangerous ev ent 
leading as it does to a severe type of bilnt} peritonitis (qv ) It is 
interesting to note that though acute cholec}'stiti3 resembles acute 
apjvendicitis m its pathogenesis rupture of the gall bladder is far less 
common tlnn rupture of the appendix owing no doubt to the toughness 
of thegnl! I ladder wall to the low virulence of the mfcctmg organisms 
and to the case with which tie omentum circumscribes it^ 
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rupture of the gall bladder doe» occur th® fundu5 is the common site, 
for this point i> distant from its blood supp’\ 

Long standing p-es ure b\ a stone lodg<^ at the oetk of the gall 
bladder ma\ lead to ul-^ration ofthegall bladder wall and ultimateh 
to the derelopm^nt of a fls^J!a into the duodenum, whence a ston** mas 
pass into the distal jxir* of the small intestine and there gi^ e nse to 
intestinal obstruction (traU stone Sens see p 5M) Less often a stone 
ma^ ulcerate through into the co'on and be evacuated p^r anum In 
mre ca-es chron c perforatioa of the gall bladder mav lead ultimateU 
to th** development of a fstula at the umbiheus, through which bile 
and <*ones ma% periodicaD\ be di^charg^ 

The chroiuc im*atioa cau'ed b\ a <tone impacted in the gall bladder 
nia\ erentual]\ give nse to carcinoma of the gall bladder Rareh as 
an end resjlt of obstruction combmed with chrome infection the 
gall blaJd r mav undergo calcification (*ce p SCO) 

CHOLESTEROSIS OF THE CALL-BLADDER 
(Straw ben) CaB bladder) 

This disease is bv no means nacommoa, but unlB recent vears its 
frequeaev has no* been fuUv realized Its characteristic featu-e 1 j« 

m the depo«ition of 
large amounts ofestm 
of cholesterol find 
other fat IR** sub* 
stances m the mucous 

membrane where ther 
form Cither mulbple 
miall velloTr spe^ 
like the ^eeds of a 
ripe strawberrv — 
siroxbrny orJUh tcale 
gdlAilaAdeT — or larger 
pedunculated masses 
known as Itponjpt^ypu 
^Vhen the gall bladder 
IS opened and viewed 
irum Its inner aspeift, 
ibe appearance is 
striking In the 
normal organ the 
mucosa is raised into 
delicate ndges or vfllu 
In the “ strawbem ” 
condition these ndges 
instead of being fton 
and tenuous are stout 
and swollen, distend- 
ed bv vellow lipoid 
masses In sev ere 
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examples the ridges throughout practically the whole gall bladder may 
be thus affected, and rarely even the intervening recesses also are invaded 
E%en when most extensive, however, the change is strictly limited to 
the gall bladder itself, and stops short often m a transverse yellow line, 
near the commencement of the cystic duct The cystic duct and the 
common and hepatic ducts are never affected Ltpotd polypi are localized 
deposits of a sunilar nature, which enlarge and thus become 
pedunculated They are usually single, but as many as a dozen 
may be present, often associated also with some degree of “straw 
berry “ change 

Alicroscopically, the clnraelenstic changes are confined to the 
mucous membrane, and the other coats may either be healthy or 


show merely the signs 
of chrome inflamma 
tion The ridges or 
V lUi of the mucosa, 
normallj delicate ten 
uous folds, are pro 
mment and swollen 
with lipoid material 
so that they have 
been said to re 
semble balloons, 
attached to the sub* 
jacent walls by deh 
cate stalks The great 
mass of the lipoid is 
contained m large cells 
which he in the stroma 
of the mucous mem 
brane, principally m 
clumps close to the 
tips of the villi 
These lipoid contam 
mg cells closely 
resemble the charac 



Tic 2^7 Cholestcrosis of the gall bladder Jlassive 
deposits of cholesterol esters are seen in the 
proroment ridges of the mucous membrane 


tenstic cells of subcutaneous xanthoma The cell nucleus is small and 
stains deeply, and surrounding it is a very delicate cytoplasmic network 
m the meshes of which the lipoid collects From their appearance tliese 
cells are known as “ foamj cells” It is believed that they arc of 
endothelial origin and are engaged in phagocytosis of the cholesterol 
Not infrequently cholesterol is deposited also m the columnar 
epithelial cells of the mucosa in the form of large globules near the 
basal aspect of the cells ^ATien these are stained with Scharlach H 
or similar djes a striking appearance is produced, as of a scarlet 
margin to the section 


Pathogenesis It has oticn been slated that cholesterosis is a 
l anetj of cholecystitis, but this new cannot be accepted, for althouali 
the tiso conditions ate often assonated, cholesterosis may occur alone 
ti ith no trace of inllamtnalory change Nor can cholesterosis be du^ 
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as has sometimes been suggested, to a mere excess of cholesterol m the 
blood, for the blood cholesterol index is sometimes normal or e\cn low. 

From the strict localization of the cliolesterol deposits to the gall 
bladder itself and their entire absence from the ducts, it seems clear 
that the disease is closelj related to the function of the gall bladder in 
regard to cholesterol metabolism, but, in spite of much work, our know 
ledge of this function is not yet complete It is known that the bile ns 
it lea\es the Iner contains much cholesterol, which is either built up by 
the brer cells or dern ed from cholesterol m the blood, but it has been 

found difficult toprove 


0 - '-.y ^ 







whether the gall 
bladder adds further 
cholesterol or, on the 
contrary, subtracts 
some from the bile 
At present there 
are two mam Mews 
m regard to the origin 
of cholesterosis The 
first IS that the 
cholesterol is deposited 
directly from the blood 
stream, as a result of 
breakdown of a 
cholesterol ‘Secreting 
mechanism m the gall 
bladder The second 
view , more widely 

„ „ ^ . held, is based upon the 

Cholesterosis of the gal! bladder Pararfin belief that normally 
sertion of a villus of the mucous membrane The l « . > » , I 

%-iUus IS distended by numerous foamy cells with cholesterol is Subtract 
small nuclei and delicate reticulate protoplasm in ed from the bile m the 

the meshes of which the cholesterol IS held ™.li T,i Ai v * i,. 

pllbladder, but on y 

. . , , , to a very moderate 

extent iml«s the bile cholesterol concentration is high In health the 
absorbed cholesterol is probably combined with other substances which 
render it i^sked ’ and invisible, and is then transported rapidly into 
the blood stream According to this slew cholesterosis is thought to 
rcpltfrom two processes ( 1 ) increased absorption of cholesterol from the 
bile throngh lie gall bladder wall due to a high bile cholesterol eontral, 
and ( ) an alteration in the physical or clirmical stale of the absorbed 
cholesterol, which renders it risible, prevents its further transport, and 
leads to its aggregation m large masses 

,s “ eenerallj belies ed that eholesteiosis 

el,ol “"",7^ T “d It has been suggested tliat the 

eholreteml deposition results frem mllanimatory fibrosis and obstruction 
ty ’'l"cb the eholeslerol is normally earned 
S "’“y ““"f. >><™nTer, in an otherwise healthy gall 

7 '>y operations it is ncrem- 

pani«l b; mdd lanaramatorj change Moreoser, cultures frem straw 
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berr> gallbladdersaresterilemalai^proportionofcases Thes«f 2 cU 
seem to justifj the view that primanlj cholesterosis ma\ be aa ascp*.c 
process It is possible, howeircr, that cholesterosis renders the gall- 
bladder liable to infection 

Relation to Gall-stones Cholesterosis ma> occur with or without 
gall stones Stones were present in 17 of a series of 35 cases rcccnllj 






1 10 2o9 Tno Mlb from a strawberry gallbladder (Froren i»tin 
stained by Scharlach R ) Cholesterol deposits (left) m the basal t>arS 
of the epithelial cells and (right) m foamy cells in the stroma. ^ 
(DfftAmtfd ot Stitftr}/ Tn nivrpS ) 


examined It is a strikmg fact that the stones are commonly of pure 
cholesterol tj^ie In the series referred to, no fewer than cle\en of 
se> entecn stones were of this tvpe, a frequency out of all proportion to 
their general incidence Tiie nature of the relationship is considered m 
the section on gall stones 


CALCIFICATION OF THE GALL-BLADDER 

This rare condition is characlcnzed by deposition of calcium m 
the outer (muscular and subserous) coats of the gall bladder, cither m 
patchy fashion or throughout the viscus To outward appearance, the 
gall bladder is pale smooth and shiny, sometimes resembling porcelain 
On its inner aspect, the wall is irregular and rough, for the mucous 
membrane, depri\ed of its blood supply, generally sloughs 

Calcification of the gall bladder is almost always a late sequel to 
calculous cholecystitis In most cases the gall bladder is of large size, 
IS thick walled and contains a stone impacted in or close to the cy stic 
duct, and it is obvious that the calcification has supervened upon a 
chronic obstructive cholecystitis with empvema of the gallbladder 
In addition to the primary obstructmg stone the gall bladder may 
contain secondary stones composed of calcium carbonate, and also 
thick gritty dibns rich in calcium In other cases a calcified gall 
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bladder is of smaU size. t.ghtl> contracted round a large stone or a 
number of closelr packed faceted stones 

The disease occurs prmcipallj m eW«l> females It is rema^able 
that m the rnajorits of cases the sj-mptoms are slight or even absent 
The condition mav be recognized bj the discovery of a painless, mobile, 
stoni hard lump in the right hvpochondrium whose outline is obvious 
radiographicalli 

VOLVULUS OF THE GALL-BLADDER 

A gall bladder which has an abnormallj loose attachment to the 
liver bv a complete mesenten ma\ undergo torsion Rotation maj be 
clockwise or anti-clockwise, and maj be through a full circle The few 
cases reported has e occurred chiefly in elderK women and in gall 
bladders which in other respects had been healthv In most cases 
there ha^e been no calculi, and no constant predisposing factor has 
been obsers ed 

Torsion occurs acuteH and is associated with severe pam and 
shock It leads to interference with the blood supplj and is followed 
h\ gatigcene and perforation of the gaU bladder 

TUMOURS OF THE GALL-BLADDER 

Simple Tumours Simple tumours of the gall bladder are not 
uncommon, but from tbeir small size and innocent nature the) are 
often not recognized Occasional!) a benign adenoma, composed of 
columnar cells arranged m acini is found near the fundus of the gall 
bladder forming a button like prommence m the wall A true papA 
hma IS rare Lipoid papilloma is the name sometimes given to the 
cholesterol laden polj-pi of choleslerosis, but these are merel) due 
to the aggre^tion of cholesterol in the viUi, and are not to be regarded 
as tumours True papClomata contain no bpoid matenal, but form 
small greenish projections on the mucous surface ^Iicroseopicallv they 
ha\e the character of papillarv adcoomata, with acmi of columnar 
cells set m a well formed stroma Rarel) such papillomata may be 
multiple coiering the whole surface of the gall bladder, and in sucli 
cases the) must be regarded as potentiallv malignant 

^laligQ&nt Tumours Carcinoma is practically the only malignant 
tumour of the gall bladder, although there are a few reported cases of 
sarcoma melanoma and endothelioma, and one case which resembled 
a h)*pemephrom3 

Carcinoma of the gall bladder is now known to be far from rare. 
It is found in from 1% to 2 5% of surgical operations on the biliary 
tract, and comprises 2% to 5% of all cases of malignant disease seen at 
autops\ It IS most common in women between the ages of fift) and 
sixty fis e years 

The tumour is of special mterestasone of the most striking examples 
of malignant disease developing as a setjuel to chronic imtation, for 
it IS almost insariabh an end result of chrome cholecvstitis, in most 
cases accompanied b) gall stones There arc man> cases on record, 
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moreo\ er of carcinoma de\ elopmg months or e\ en } ears after operative 
removal of the stones 

Carcinoma of the gall bladder spreads at an earl> stage be\ ond the 
confines of the gall bladder and soon o\ersteps the limits of successful 
removal It invades the In er b> direct continuity forming a large 
mass sometimes 8 or 10 cm in diameter at its lower border It spreads 
to the Ijmph glands along the cjstic and common ducts and thus maj 



Fio "CO Carcinoma of the gall bladder invading the Ii\er Tlctnmour 
of sc rrhous character has caused a diffuse thickening of tl e gall 
bladder and forms an lU-dedned pale mass infiltrating the I ^ er 
There is a large secondary growth in the cj-slic lymph gland Note 
the association of gall stones and carcinoma 

{D partmtnlof SurgtTf Vtt terntifvfEi nbvrgk ) 

cause obstructn e jaundice In some cases it disseinmates through the 
peritoneal catitj Distant metastases are uncommon except m the 
lungs but there are a few cases on record of secondart growths in 
bones and e\ en m the breast 

Four tj-pes of carcinoma of the gall bladder raa\ be recognized 
(t) The fcirrfioMS carcinoma is the commonest It is a columnar-cell 
adenocarcinoma with an acinar structure and a dense fibrous stroma 
and It gives rise to a t er> hard growth which infiltrates the gall bladder 
wall At an early stage it forms a locahzctl in luration which ma\ be 



o72 DISEASES OF THE GALL-BLADDER LIVER ETC 



Fio **01 Papillajry adcDoearajooma of the gaD bladder In places there 
arc irregnlir glandular acuu whereas m other parts there >s ® deflnile 
pop lUty formation 


mistaken for an area of chronic cholec>stilis In some cases it encircles 
and obstructs the ct stic duct and mat predispose to the de> elopment 



Fic 2C‘’ Adenocarnnonia of the gall bladder ujvadinw the Jirer The 
columnar cells of the tuiooui thdow) ait BnaDgedln irregolar snni 
The liver cells bordering on the tumour (lop right) are Sattened and 
atrophied and those a little further away show various degrees of 
fatty degeneration 

of empj ema of the gall bladder or if it arises near the midpoint of the 
viscus It ma) g» e rise to an hour glass deformitj Ultimatch , in most 
cases It completeh emelops the gallbladder and almost obliterates 
the lumen 
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(2) Papillary or prohferaine carcinoma is less common It is an 
adenocarcinoma with a scanty stroma The cells, columnar in shape, 
are arranged m irregular acini and may show a papillary arrangement 
The growth is soft and often biilkj, and tends to project into and fill 
the lumen of the gall bladder 

(3) Colloid carcinoma is a soft tumour, recognizable by its gelatinous 
character. Sometimes the whole tumour is of colloid type, sometimes 
only a part is affected, and in some the condition is recognized only 
on microscopic examination The cells, feir m number, he singly or 
m ill formed acini, whilst the bulk of the tumour is made up of a 
structureless, blue staining material, pseudomucin The cells contain 
droplets of this substance in their cjtoplasm, and some of them arc 
distended to signet ring shape 

(4) Squamous carcinoma (epithelioma) is a rare form of tumour, 
which presents characters similar to carcinoma of such squamous cell 
membranes as the skin, the tongue or the oesophagus The cells are of 
squamous type, there may be cell nests or epithelial pearls, and it is 
sometimes possible to identify typical prickle cells uith intercellular 
bridges 

In some cases the whole tumour is of this t> pe, m others only a 
part shous the squamous character, and there is a confusing appearance 
of areas of squamous epithelioma adjoining and merging into areas 
of columnar cell adenocaremoma 

Squamous epithelioma of the gall bladder is generally regarded as 
an example of metaplasia, and it is thought possible that the grouth 
arises m an area of the mucosa affected by leukoplakia ns a result of 
the chronic irritation of gall stones Nicholson has pointed out that the 
del clopment of squamous cells m a viscus of entodermal origin such as 
the gall bladder his its analogy in the normal development of the 
ccsopliagus, Mhich, like the rest of the foregut, is originally lined by 
columnar cells, but develops a squamous cell membrane at an early 
stige of embryonic life 


ABSCESSES IN THE IIVER 

Sohtary Abscess. Almost always tins is a tropical abscess following 
amoebic djscntcry, but in rare circumstances n single abscess may 
arise from other causes, as from the spread of infection from the gall* 
bladder, or from suppuration in a liydatid cyst, or from pyxmtc 
infection 

A tropical abscess results from infection of the liver bj amoebT, 
winch presumably reach this situation via the portal blood stream 
The disease affects Europeans living m the tropics with relativel> 
greater frequenej than the indigenous, and occasionally it has affccteil 
persons who have never visited tlie tropics In 00% to 80% of cases 
the abscess dev clops in the right lobe of the liv er, and often near its 
superior surface It may attain large size, and is rarely recognized 
until several ounces of pus have collected Rarely it may hold ns much 
as 16 pints The wall of the abscess iS composed of necrotic liver tissue; 
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andisusualh shaggj and irregular I<ater, much fibrous tissue de\ elops 
and ma\ form a fairlj well defined capsule The pus maj be of creamy 
appearance, but is usually 
chocolate coloured from 
degenerating hi er sub- 
stance, and IS often i iscid 
and giairj. Amoeba! are 
present m the wall and 
adjacent liver tissue, but 
are often difficult to 
demonstrate 

Secondary perihepatitis 
usually develops, and the 
liver becomes fixed by 
adhesions to the dia- 
phragm, abdominal vail 
and viscera For this 
reason, downward dis 
placement of the liver is 
unusual and the full ex- 
tent of the enlargement is 
evidenced by radiographic 
demonstration of eleva- 
tion of the diaphragm 
The abscess may remain 
intact but often Jt rup 
tures, especially mto the 
lung, pleura or peri- 
toneum Superadded in 
fection with pyogeme 
organisms maj occur 
Multiple Abscesses 
(1) Fyccmic Abscesses These may occur in the course of any general 
pjiemia They are scattered through all parts of the hver and arc 
of small size, and as the liver afTection is generally ov ershadowed bj 
the severit) of the general disease, thev hav e little clinical significance 
(2) Abscesses from PylephlehtUs and Portal Pycemta Suppurative 
pj fepfifebitis results most often from appendicular infection, occasion- 
ally from suppurating lesions in the pelvis, eg , salpingitis, suppurating 
ovarian cjsts, or even infected liremorrhoids, and rarely from other 
intra abdommal diseases ^lales are affected most often, and most 
cases occur m the third decade The disease follows infectiv e throm- 
bosis of the vessels near the original lesion, e g , tlie appendicular v ems, 
and from here it may extend to any part of the portal venous system, 
sometimes principally involving the extrahepatic vessels, sometimes 
the intrahepatic ones The portal vein and its branches contain 
brownish pus mixed with breaking down blood clot, their vails are 
swollen and acuteU uiflamed, and the perivascular tissues may also 
suppurate 

The liver is enlarged and tender. Its surface may be smooth, or 




ni OF TUP Ln fr 


nodular with numerous projecting abscesses, and it is usually adherent 
to the diaphragm and parietes When cut it is seen to contain 
numerous abscesses, -varying up to the size of walnuts, and between 
the cavities are pale >ellov\ areas where the liver his undergone 
necrosis Usually the abscesses are scattered tlirough all parts of the 
liver, hut sometimes one lobe, especially the right, maj be more affected, 
a localization which probably depends in part upon the fact that the 
portal blood stream runs m currents, so that the blood from anv 
one organ remains more or less separate and is diverted prmcipall> 
towards one or other lobe Fortunately, the disease is \ erj rare, for it 
almost im ariablj pro\ es fatal, often from spread of the infection to the 
lung, pleura or peritoneum 

Portal pyeemta is the term used for a similar condition m which the 
abscesses are believed to be due to infected emboh in the portal stream 
ratJier than to direct infection along the vessel walls It presents no 
distinctive features, however, and the two conditions are generally 
regarded as one 

(3) C/iolongihc Abscesses As the name indicates these abscesses 
follow infection of the U\ er secondary to cholangitis, and consequently 
thej arc usuallj due to a gall stone m the common duct Rarelj thev 
result from other lesions associated with stagnotion of the bile, such as 
the pressure of a tumour or, in the East, the presence of In er flukes or 
worms 

The In er is enlarged, and scattered through it are numerous greenish 
yellow areas Some of these are soft, but others are solid and mov 
even resemble secondary malignant nodules Sometimes the abscesses 
he near the surface of the hver, and adjacent cavities may become 
confluent and reach larger size The cavities communicate with bile 
ducts, into whicli tliey discharge their contents, and consequently the 
pus is deeply bile coloured, and often mixed with “ biliary mud ” 

Chnicall>, abscesses of this type are associated with the syndrome 
“Charcot’s intermittent hepatic fever” Jaundice develops, of a 
peculiar ashy grey tjiie the enlarged hver becomes tender and painful, 
the temperature swings intermittently, with frequent rigors, and 
there k severe foA-ttunsi wrtft sweating and rapid iSsss of weigi’iC. 

CYSTS OF THE UVER 

There are two principal tvpes of hver cjst, the parasitic and non 
parasitic 

Parasitic cysts occur m hj datid disease, and the Iiv er is the commonest 
site of this affection [see p. 50) Usually there is a single cj st, but 
occasionally multiple cysts are present Hydatid cjsts are most 
common in the right lobe of the hver, and, according to Dew, thej are 
situated towards its inferior aspect m 75% of cases Consequently 
they tend to project towards the peritoneal cavity and become palpable 
through the abdominal wall Tlie i^st may be unilocular and contain 
no daughter cj sts, but more often these are present, often m considerable 
numbers Sometimes the cysts attain large size They may rupture 
into the peritoneal cavity, into the biliary passages or the stomach, or 
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through the diaphragm but the commonest tenmnation js calcification 
OccasionaU% superadded septic infection of the cj-st occurs 

^ on parasitic qfsls are not uncommon, but being generally sjTaptom 
less thej rareh demand surgical attention Three mam tvpes are 
recognized 

(1) Cysts associated aith polycystic disease of the kidneys are neatU 
alwajs multiple The hver is greatl} enlarged and under its capsule 
project numerous cjsts contaming clear watery or blood-stained fluid 
The cvsts are of congenital ongm but mas be of small size at birth 
and generalls remain unrecognized until adult life or even old age 
The} are said to be three tunes commoner m females than in males 
Their mode of ongm is not fuUv understood but it seems probable that 
the} are formed by the irregular proliferation of aberrant hs^xiblastic 
cells arising from the primitive biharv papilla 

(*») CystJ associaled mlh iumours are seen m c} stic adenoma of the 
User and occasional!} in bile-duct carcinoma and other growths 
There are one or tAvo cases on record of teratomatous (dermoid) c} st 
(3) Retention cysts are generall} solilar\ , or there ma} be a number 
of small c}’5ts communicating with one large cavntv The c}St has a 
wall of fibrous tissue often lined by a smgle la}er of flatten^ epithe 
hum and it contams waterj fluid, straw-coloured or sometimes blood 
stained The csst does not communicate with the biliar} s}*stem 
and therefore does not contam bile Cv-sts of tins type are gencralh 
regarded as due to retention withm a small bile duct, the result of local 
obstruction by fibrosis In most cases the c}st is small and gues nse 
to no S}tnptonis unless hemorrhage occurs when acute pam and fever 
ma} r^ult Occasionalh a c\st reaches large size, and ma\ contam 
as much as 13 pmts of fluid Itma} then erert pressure on neighbouring 
structures the stomach duodenum portal vein inferior v ena cav a or 
even the right ureter 

CU^L^IA OF THE LIVER 

The In er raa} be affected in inherited svphilis or in the secondan 
or tertiar} stages of acquired s^-philis From the surgical standpoint it is 
onh necessarv to consider the gumma of tertiar} acquired disease 
Gummata are usually multiple, and occur prmcipall} near the 
surface of the liver under the capsule Thej maj be scattered in 
different parts of the liver but usually the right lobe is particularly 
affected In appearance and microscopic characters the} do not differ 
from gummata ebewhere The\ vary m size up to several centimetres 
m diameter, and are composed of dense fibrous tissue often somewhat 
necrotic at the centre. 3Iicroscopically, it is seen that the smaller 
gummata lie in the capsule of the liver and in its prolongations in the 
portal tracts Surroundmg the central necrotic portion is a well 
dev eloped zone of fibrous tissue with areas of l}Tnphoc} tic mfiltration 
Endarteritis obhterans is usual!} a sinking feature m the adjacent 
blood V essek 

Gummata of the luer are of special importance surgicall}, owing 
to their tendenc} to mim c other biliar} diseases To the naked e}(. 
the} are often indatmguishable from secondarv malignant growths 
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and such confusion is all the more likely since the subjects of hepatic 
syphilis are often emaciated and cachectic Gummata of the li\er maj 
simulate cholecystitis, for they may gi\c rise to irregular fe\er and 
intermittent attacks of jaundice Healing of a gumma is accompanied 
bj extreme scarring, and this may cause obstructne jaundice and 
numic the effects of a tumour of the common duct or of tlie pancreas 

ACTINOMYCOSIS OF THE LIVER 
This IS a rare affection, and is almost alwaj s secondary to 
actinomycotic disease of the intestinal tract The lesions have the 
characteristics of actinomycosis elsewhere {see p 47) The abscess is 
usually multilocular, and on section has the appearance of a honeycomb 
of yellov. colour The liver becomes adherent to the diapliragm or to 
the abdominal wall, and the abscess may rupture into the lung, into 
the stomach, or on the skin surface, especially after superadded infection 

PRIMARY TUMOURS OF THE LIVER 
Simple Tumours Adenoma and angioma are uncommon, and 
usually ha\e little clinical importance Thej maj grow to large size, 
and maj then cause symptoms from pressure When situated near 
the inferior margin of the li\ er such a tumour ma> become pedunculated 
forming an obvious mobile intraperitoneal snelling of considerable size 

Primary Malignant Tumours 

Carcinoma may arise either from the liver cells or from the epithelium 
of the smaller bile ducts Sarcoma also occurs All \ aneties are rare, 
and every case requires critical observation to determine that it is not 
secondary to an obscure primary tumour Primary liier cell cancer is 
of interest, in that it is usually associated with cirrhosis or subacute 
atrophy of the liver In these diseases a striking feature is the great 
regeneration of luer cells, and it appears that cancer arises when this 
process gets out of control, and when the proliferating liver cells throw 
off all restrammg influences The growth forms a large mass of soft 
solid tissue, very liable to undeigo necrosis and softening Usually the 
mass IS smgle, but numerous secondary nodules dev elop in the rest of the 
liver Metastases rarelj appear in other organs Microscopicallj , there 
are rounded masses of liver cells, which show irregular mitotic figures 
and other evidence of rapid growth 

Cancer arising in the intrahepalic bile ducts may closely resemble 
liver cell cancer There is, however, usually no cirrhosis The liver is 
enlarged and contains multiple nodules, each having the structure of a 
columnar cell adenocarcinoma 

SECONDARY TUMOURS IN THE LIVER 
The liver is more often affected by secondary tumours than any 
other viscus, and secondary tumours are verj much more common 
than primary growths 

In the majoritj of cases the liver is involved by metastases derived 
from tumours vvithm the portal area, and cspcciallj bj carcinoma 
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of the stomach the colon or the loner end of the oesophagus m that 
order of relate e frequency Secondary growths from these three regions 
constitute about 50% of liier tumours Less eomwonly the lirer is 
involved by carcmoma of the gaD bladder pancreas lung breast and 
kidnej and by sarcoma originating m other parts of the bodj 

As a rule secondary growths are multiple an 1 are scattered in all 
parts of the In er but sometimes a sol tary metastasis may attain con 
siderable size before others appear Occasionally one lobe of the In er 
IS affected to a much greater extent than the remainder of the organ 
Small secondary nodules are usually of firm consistenc} and are 
much harder than tl e surrounding li\er tissue through whidi they can 
readilj be felt As tl ey increase m size the central parts deprn ed of 
their blood supplj undergo degeneratn e clianges and become softened 
hence large metastases are often umbilicated The growths arc usually 
of pale colour and sometimes pearlj white but occasionally especially 
when of rapid growth they are rascular and deep red The natural 
features of such tumours as melanoma and chorionic carcinoma are 
usuall} reproduced m the metastases 


TUMOURS OF THE BILE DUCTS 


The onlj bile*duet tumour m man is a caretno na ^hich ma> arise 
from either the intrabepatic or the extrahepatic ducts It is commoner 

n males than females 



and occurs usually m 
later life 

In the extra 
hepatic ducts tl e 
growth commonlj 
arises eitner in tie 
region of the duodenal 
ampulla or at the 
junction of the cj stic 
with the common 
ducts It forms a 
rounded hard swell 
mg ratelj larger than 
a cherrj lead ng to a 
stricture and to com 
plete obstruction of 
the duct Death from 
obstructive jaund ce 
usually occurs before 
the tumour metasta 
sizes microscopic 
alls it has the struc 
ture of a columnar 


rrfnomiofthe \n | oltt of \ater adenocarcinoma 


ll e evst c duct tl e gall 
stitis becomes d sten led 


If the grow th is 
bladder u dess f brous from 
an 1 if tl c gro rll lies above 
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the level of the cjstic duct the gallbliddtr v\ill be sm'vll or emptj 
At operation the great difficulty is to distinguish a small grov\ th from 
a fibrous mass aroimd a stone If, as commonlj happens, the growth 
IS small and in the low er part of the duct it may readily be ov erlooked 

Carcinoma of the mtrahepatic bile ducts frequently takes the form 
of multiple small pale nodules which appear to arise simultaneously 
It is distmguished with some difficulty from a pnmarv hv er cell cancer, 
from which it differs in tliat it has columnar cells arranged round a 
definite lumen 

CYSTIC DILATATION OF THE COMMON BILE DUCT 

This is a rare congenital abnormalitv which rarely comes to light 
until adolescence It affects females four times more commonly 
than males There is a dilatation like a saccular aneurysm, which 
IS connected with the <tupraduodenal part of the common duct and 
forms a cystic swelling of variable size, sometimes as large ns a man’s 
Jiead As the cyst enlarges it stretches the duct system so that the 
hepatic ducts may open separately into the cyst abov e, and the common 
duct leaves it lovrer down The cystic duct also may have a separate 
opening The ducts above and below the cyst may be of normal 
calibre, but they are often dilated and tortuous, and the liver may be 
cirrhotic The wall of the cyst m some cases is thm and translucent 
transmitting the greenish colour of the bile , in others it is thick and 
fibrous, and may be studdevl with lai^e calcified plaques and ulcers 
The biliary content may be clear, or may be of the consistency of pea 
soup There is usualh no lining membrane, but there may be a layer 
of columnar cells, and even evrceptionally squamous epithelium (ll ilkie) 
As the cyst enlarges it follows the line of least resistance, and this is 
usually downwards and to the right, so that it raises the posterior 
parietal peritoneum of the right subhepatic fossa The duodenum 
may be displaced doiravvards ormav be stretched across the front of the 
cyst, and the right colic flexure displaced downwards and medially 
■Morley has described a case in which downward displacement of the 
smiU intestine stretched and constricted the root of the mesentery and 
gave rise to secondary duodenal ileus The cyst may periodically 
become dilated, when it tends to kink and obstruct the common duct 
Infection by coliform bacilli is a frequent complication and may prove 
fatal 

The diagnosis of a cyst of the common bile duct is suggested 
by the presence of a hrgccvstic miss in the right hypochomlnum 
occurring in an adolescent girl and accompanied by recurring 
abdominal pain, intermittent jaundice, and sometimes fever 


JAUNDICE 

Jaundice IS the state characterized by an excess of bile pigment m 
the circulating blood and the tissues Three types of jaundice arc 
recognized — 

(1) Ilicmolytio, exemplified m “ocboluric jaundice” and other 
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diseases of the spleen and reticulo-endotbelial sjstem In these eases 
there is a simple excess of pigment, due to ercessire destruction of the 
red blood cells (2) Toxi infective, for example, catarrhal jaundice 
and the jaundice due to raetalhc poisons Here the mam feature is 
degeneration of the poll gonal cells of the liver (3) Obstructive, as in 
occlusion of the bile ducts bj stone or neoplasm Here the bile, after 
bemg excreted is reabsorbed from the ducts into the blood stream 

Obstructs e Jaundice From the surgical standpoint obstructne 
jaundice is the most important type, and its pathological features -will 
be considered more fuUy Obstructive jaundice maj be caused bj 

( 1 ) foreign bodies within the common duct, such as stones or, rarel\, 
parasites (2) lesions of the common duct, such as caremoma or, 
rareh fibrous structure , (3) lesions compressing the common duct 
from without, such as carcinoma of the pancreas, secondarj neoplasms, 
and rareh tuberculous or IjTnphadenomatous glands in the hilum of 
the liver 

Jaundice develops rapidU after the onset of obstruction to the 
bihar> outflow, and ma> be esidcnt bj jellowncss of the conjunctiia 
within a few hours Then the stm becomes pigmented and the urine 
discoloured and fmallj nearl\ everj tissue is affected The onJs 
unpigmented substances are certam secretions such as the saliva, the 
secretion of the common duct, and usual!) the milk and cerebrospinal 
fluid 

At first jaundice is sLght, and the colour of the skin is light ) ellon , 
but m complete obstruction of long standing it deepens to an olive hue 
(black jaundice) owing to oxiduation of the bilinibm to biliverdm If 
cholangitis and mtrohepatic suppuration follow, with toxsemia and 
racbexia, the colour turns to a siclJv greenish grej (grej jaundice) 

Effects of Obstrucli\e Jaundice The effects of obstructive jaundice 
maj be classified imder four headings • — 

(1) Hetention of the bile constituents 

(2) Dilatation of the biliary system 

(3) Impairment of brer function 

(4) Alteration in blood coagulabilil) 

(1) o/ the Bile Constituenls All the bile constituents 

are retained and maj show an mcreasc, temporars or permanent, in 
the blood The bihrubm content of tie Wood rises from the normal of 
about 1 mg to as much as 250 mg per litre Corresponding!) , the 
ictenc index maj nse from the normal figure of 5 to over 200 units If 
the jaundice continue during several weeks, the bilirubin content maj 
finalh show a sbght decrease 

The bile salt content of the blood is also increased and the cholesterol 
content of the blood ma> rise from the normal of about 150 mf» % 
to double that le\ el This is not, however, an m\ ariable featurer and 
the blood cholesterol maj remam within normal limits 

It js interesting to note that few of the pathological effects of 
jaundice can be ascribed to retention of the bile constituents The bile 
salts arc the onU toxic constituents, but in most cases their increase 
in the blood is onU transient The bile pigments have been shown to 
be complcleh non toxic even when present m large amount, whilst 
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the cholesterol increase is no greater tlian may occur, for example, in 
pregnancj 

(2) Dilaiaiion of the Biliary System The first effect of obstruc 
tion IS to raise the pressure 'withm the whole biliary tract, and to 
distend the whole duct system, mcludmg all the fine biliary radicles 
within the Iner (hydrohepatosis) This dilatation is usuallj most 
extreme when due to carcmoma, for infection is then often lacking and 
the ducts are thin walled, whereas when stones ire present there is 
usuallj infection and the ducts are thickened by fibrosis The gall 
bladder similarlj is usuallj dilated when carcmoma is present, con 
tracted by fibrous tissue when the obstruction is due to stones (Cour 
\ oisier’s Law), but since carcinoma and stones may coexist tins is by 
no means a dependable criterion 

If the obstruction is maintained a striking alteration occurs m the 
content of the duct system, and the bile becomes pale and colourless 
(white bile) When the pressure m the biliary tract reaches opproxi 
mately 300 mm of water, the liver is unable to continue its excretorj 
function, and bile production ceases The small glands m the walls of 
the common and hepatic ducts, which normally secrete a little clear 
fluid, are able to withstand a considerably higher pressure than this, 
and they contmue to function, so that gradually the stagnant bile is 
replaced by their secretion This is the so called " white bile,” a clear, 
watery, slightly alkalme fluid containing a trace of muon, but no other 
bile constituent and no pigment It is a striking feature as Wilkie 
commented, that m a patient deeply jaundiced one of the feu un 
coloured substances m the body is this fluid m the common bile duct 

If the gall bladder is absent or functionless through disease, this 
state of affairs is reached withm a week from the onset of complete 
obstruction On the other hand, a functioning gall bladder delajs the 
appearance of white bile for a much longer period Sometimes when a 
healthy gall bladder is present an intermediate stage is found The 
gall bladder contams green bile, but the content of the ducts is colourless 

(3) Impairment of Liver Function Impairment of liver function 
constitutes one of the major dangers after operation upon cases of 
obstructive jaundice The impairment is due partly to ** back pres 
sure " within the distended bile radicles, which leads to atrophy of the 
liver cells , partly, in some cases, to coincident infection Thus we 
find evidence of liver dysfunction most marked in prolonged jaundice 
and when cholangitis is present — the latter a common occurrence in 
cases of stone in the common duct 

The liver function most obviously affected is glycogen storage, and 
the special risk of operation in obstructive jaundice arises from the fact 
that this IS also the function most gniv ely affected by opcrativ e trauma 
and by cerlauranaistlietics In some cases, the impairment of glycogen 
storage can be demonstrated by the lasvulose tolerance test 

In the late stages of severe obstructive jaundice, all the nnnifold 
functions of the h\ er mav suffer to some degree The metabolism of 
fats and proteins is upset, poisonous nitrogenous products, which are 
normally converted by the liver into urea, remain m the circulation 
unchanged and cause secondaiy toxic effects upon the heart, kidnej's 
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and other organs, the alkali reser\e of the blood is reduced, and evcntu* 
ally there super>enes a state of chol-emia, which closely resembles 
uremia. 

(4) AlteTaUon tn Blood Coagulability It is well established that in 
obstructs e jaundice there is a definite tendency towards hemorrhages 
This tendenej is most noticeable in the late stages of decji jaunihre 
due to malignant obstruction of the common duct, and it constitutes 
one of the major risks of operation Indeed, it lias been stated tliat 
60% of post operative deaths in jaundice arc due to this cause The 
bleeding takes the form of an ooze from anj incised or traumatized 
surface, and often leads to the formation of a liTmatoma m the depths 
of the wound 

It IS remarkable that hemorrhages are rare in cases not submitted 
to operation It seems as though the trauma of the operation, or the 
added liver damage, or perhaps tlie sudden biluary decompression, m 
some way increases the risk of bleeding in the post operatis e period 

It IS now known that the bleeding tendenej is due to a dcficiencj 
of protlironibin Isormallj prothrombin is s\jitlictized in the li\cr 
out of ^ltanun K, which is denied from green foodstijlT^ or fonneil 
as a result of bacterial activitj m the intestinal tract In obstructiac 
jaundice, owing to absence of bilc from the intestine the vitamin, wliiili 
IS fat soluble, IS not absorbed m adequate amount, and in addition its 
elaboration into prothrombin is impaired owing to lt\er damage 

Chemical imestigations base shown that the vitamin is a member 
of the naphthoquinone senes Other naplithoqumones, notablj 
2 methyl 1 4 naphthoquinone, are equally active, and after intra 
muscular injection are efTcclive in restoring tlic normal protlirombm 
level withm a few hours 
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CHAPTER XXIX 

DISEASES OF THE PANCREAS 

ACUTE PANCREATITIS (Acute Necrosis of the Pancreas) 

Acute pancreatitis is one of the grav est of all acute abdominal 
diseases It exceeds e^ en perforation of a peptic ulcer m the sudden 
and dramatic illness it causes, the pain to which it gis es rise is more 
agoiuzmg the patient s strength is depicted w ith greater rapidit> , and 
shock and toxemia are of earlier appearance and are more pronounced 
In fulmmating cases the mortalitj is about 50%, whilst in the less 
se\ ere t>'pes the disability occasioned is severe and prolonged 

Acute pancreatitis is fortunately not very common It affects males 
and females with about equal frequency and is most frequent 
between the ages of fifty and SLxtj years, though m exceptional cases 
it occurs much earlier 


Morbid Anatomy 

Tlie pathological changes m acute pancreatitis \ary according to 
the intensity of the disease Formerly it was the custom to describe 
three different types, hsmorrhagic, gangrenous and purulent, but tins 
classification is somewhat misleading, m that gangrene or necrosis of 
the pancreas is an invariable feature, whilst hxmorrhage and suppura 
tion arc now regarded as secondary effects, varying in extent according 
to the intensity of the primary destructive change In conformity with 
modem conceptions of the disease, therefore, it seems preferable to 
recognize two main varieties, the fulminating type, which is generally 
associated with h'emorrhages, and the subacute type, which may 
sometimes proceed to suppuration 

Fulminating Panaeatic Neaosis. In this tj pc the disease originates 
with dramatic intensity and may bring about a fatal issue within two 
or three days Operation or autopsy reveals extensive necrosis of the 
pancreas with hemorrhages m the vicinity of the gland and a hxmor 
rhagic or turbid effusion into the peritoneal cav ity, whilst spots of fat 
necrosis are seen in the cxtmpentoneal and omental tissues and m ev cn 
more distant situations 

The pancreas is swoffen antf necrotic, soft and friable m consistency , 
purplish from extravasated blood or with a yellowish green tinge as a 
result of bile staining In most fulminating cases the whole pancreas 
IS involved, but occasionally the changes are limited to one portion of 
it The connective tissues in the vicmity of the pancreas arc tense 
with tedema or infiltrated with blood, whilst the adjacent peritoneal 
surfaces are deeply congested Microscopicallv, the most conspicuous 
change is necrosis of the parenchyma and interlobular septa, willi 
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hfemorrliages around the necrotic areas and m the surrounding areolar 
tissue E^ idenee of an inflammatory reaction is notably lacking at 
this early stage and cultures usually pro\e sterile. Hyabne changes m 
the blood vessels are usual and there maj be widespread thrombosis 

The hcemonhages ^ ary in extent, and in some cases are so great as 
to gn e the appearance of a diffuse retroperitoneal hiematoma Some- 
times there are hemorrhages also m other sites, for example in the 
abdominal wall, whilst occasionall> the blood gravitates towards the 
loins and gu es rise to discoloration of the skm m these regions 

The hiemorrhages are belie\ed to occur as a result of degenerative 
changes brought about in the nails of blood vessels by enzjTncs liberated 
from the pancreas Rich and Duff have drawn attention to a peculiar 
hyaline necrosis of the vessel walls, affecting particularly the muscle 
fibres of the media and the internal elastic lamina, and ha\e shonn 
that a similar lesion ma> be produced experimentally by the sub- 
cutaneous injection of trjpsin 

Fat necrosis is one of the most characteristic changes m acute 
pancreatitis It is most abundant m the neighbourhood of the pancreas 
but also occurs m the fat of the omentum, the transverse mesocolon 
and other extrapentoneal tissues or m the anterior abdominal wall 
In these regions it has been attributed to the action of lipase liberated 
from the pancreas and permeating along lymph v essels Rarely, fat 
necrosis has been observed in more distant sites, such as the bone 
marrow, possibly as a result of excessive amounts of lipase carried in 
the bloodstream 

In the vncinity of the pancreas the necrotic fat gives rise to greyisli 
yellow sloughs of cheesy or putt> like appearance Elsewhere, the 
areas of necrosis take the form of small raised tallow like spots, of firm 
consistency and yellowish white colour In these spots the neutral 
fats are saponified by lipase with the formation of gljcerol and fatty 
acids, the latter form acicular crystals and may later combine with 
calcium to form insoluble soaps, which are deposited as globular masses 
and may reproduce the outline of the original cells Eventuallj, if 
recovery occurs, these deposits may be reabsorbed 

The biliary trad often presents pathological changes m acute pan- 
creatitis Stones are found in the gall bladder with a frequencj variously 
estimated at from 40% to 70%. and it is remarkable that the 
stones are commonlj of small size, the size of split peas or smaller In 
occasional eases a stone is found in the common bile duct or impacted 
at the duodenal papilla The gall bladder maj present slight chronic 
cholecvstitis or be fibrous and contracted as a result of long standing 
inflammation The bile is usually dark m colour, muddy or blood- 
stained, and culture may rev eal the presence of B coh, streptococci, or 
sometimes B xcelchii * , , i 

Subacute Pancreatic Necrosis Here the pathological process is the 
sam^ but the disease proceeds less urgently , and recov cry is usual At 
operation, the pancreas is swollen and presents a brawny induration 
(if cut into It IS seen to be occupied bj numerous small solid white foci 
of necrosis) . the retroperitoneal tissues are mdematous, and there are 
scattered spots of fat necrosis in the vicmit> . but these changes are 
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Jess extens 3 >e t hf»n m the fuIminaUng t\-pe and generaUx there are 
no liremorrhages 

In some cases the disease affects the whole pancreas in others, 
onh a 'mall portion is necrotic and the secondarj changes are cor 
rcspondinglx localized 

In cases seen two or three weeks after the onset of the disease nn 
abscess mav be found either m the retroperitoneal tissues or more 
commonlx in the lesser peritoneal sac Such an abscess contains thin 
pus or turbid water} fluid and there maj be large gte\ sloughs which 
probablx consist of necrotic fat The abscess is commonlr stenle and 
IS thought to result from an aseptic inflammator} reaction caused bx 
tl e presence of necrotic tissue or b\ irritation of the peritoneum from 
escaped pancreatic ferments It seems probable that the so-called 
false c}*st of the pancreas (p oSJ) often onginates similarlx as a result 
of a mild or locahzed pancreatic necrosis 

Etiology 

The mtensitv of the pathological process the lack of histological 
exudence of inflainniatorx change m the fulminating cases and the 
negative baclenological findings all point to the conclusion that the 
disease is not pnraanlv due to bacterial infection It is noxv gencrallx 
accepted that the condition ts essentiaUx an acute necrosis of the 
pancreas and is due to destruction of the glandular acini b} the d gestivc 
action of Its own ju ee The pancreas secretes three enzxmes trvpsin 
diastase and lipase and it ts to the actmtx of the first named that the 
auto-digestion is attributed. ‘Normallx the IrxTism i» secreted in on 
inert form (trvpsmogen) and is activated in the duodenum b} the 
enzx-me enterokinase It is clear therefore that the cause of acute 
pancreatic necrosis is to be found m a studv of the conditions under 
xxhich the trvp>in max be activated whdst std] xvithin the pancreas 

In 1901 Opic of Johns Hopkins Hospital reported a case of pan 
crcatic necrosis m which he found a small gall stone impacted at tl e 
duodenal papilla and gax estrong support to the new that the activation 
of pancreatic juice is caused bx a reflux of bile into the pancreatic duct 
This bile reflux theorx has smee been the subject of great controversx 
and much interesting endenec has been collected both in fax our of and 
agamst it 

It is well established that tr}-psmogen is actuated b\ bile especiallx 
if infected and animal experimentation has shoxrn that acute pan 
crcntic necros s can readil} be produced bx the injection of bile into 
tl c pancreatic duct Trx-psmogen can also be actix-ated bx manx oil cr 
agencies, including certain chemical substances and orgamsms sucli as 
li coh but infected bile is far the most potent substance known and 
achialK has a more powerful activating effect tlian enterokinase itself 
It has been objected that expenmental pancreatic necrosis can be 
producetl onlx if the bile is injected under cons derable pressure wL eh 
ma} well cause rupture of the pancreatic acmi and escape of secretion 
into the interlobular connectixc tissues but it maj be obserxed lliat 
bile IS normallx secreted at U e pressure of SO to 40 cm HjO and that 
the biharx pressure max be raised as high as 100 am b} a forceful con 
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traction of the gall bladder That mechanical rupture of the pancreatic 
acmi IS not the sole factor is shown b> the obser^ ation that pancreatic 
necrosis cannot be produced bj en forceful injection of bland sub 
stances 

Opie’s suggestion that unpachon of a gall stone at the duodenal 
papilla might be a common 'etiological factor has not been borne out 
b> experience Thus it is found lb'll whereas gall stones are commonU 
found in the gall bladder (40% to 70%) and are commonly of such a 
sire as to be capable of being carried down and impacting at the papilh, 
the demonstration of such an impacted stone is rarely possible (less 
than 5 per cent of cases, according to Schmieden and Sebemng) and 
eien allowing for the likelihood that such a small concretion often 
escapes into the duodenum after detennming the necrosis and thus 
fails to be obseri ed, it is clear that onl> a mmontj of cases can be 
explained on such a basis In this connection, howe\er, it maj be 
noted that pancreatic necrosis has been found associated with 
obstruction of the papilla bj lesions other than stones, eg a round 
worm 

Archibald suggested, as an explanation of cases in which no stone is 
found, that a smiilar obstruclioo, permitting reflux of bile along the 
pancreatic duct, might be produced bj spasm of the sphmeter of Oddi 
such as might arise reflexly m the same way as p>lorospasm m the 
Course of cholecystitis In support of this \ tew he show ed that m cats 
contraction of the sphincter of Oddi will withstand a pressure of 
So cm HjO, and that under these conditions infected bile introduced 
under pressure into the gall bladder is forced up the pincreatic duct 
and regularly gu es rise to pancreatic necrosis 

It IS well known that the anatomical rel itionslup of the bile and pan 
creatic ducts in man is not alwa>s of such a character as to permit bile 
reflux, and many obscnations ha\e been made to determine the relatiic 
frequencj of different types of ductal arrangement The findings of 
different obse^^ers have been higlilj inconstant Thus, Opie in 100 
routine autopsy cases found an ampullar^ arrangement such as would 
allow the t>vo duct sj'stems to become confluent in 89, whereas Alanu 
and Giordano placed tlie incidence at 3 5% — n low estimate which mav 
perhaps be explained bj the fact that the^ used formalin hardened 
specimens without proper allowance for shrinkage of the ampullarj 
tissues Probablj a more reliable estimate is that gi\ en b% Cameron 
and Noble, who prepared casts of the ducts by injecting fusible metaJ 
after obstructing the papilla bj means of a small stone , under these 
conditions the bile and pancreatic ducts were found to communicate in 
75% of cases 

These anatomical >ariations m routine autopsies lia\c, however, 
little bearing on the matter , far more important is the arrangement 
of the ducts in cases of pancreatic necrosis UnfDrtunalel>, there have 
been \ erj few observations on this subject, owing, no doubt, to the fact 
that in these cases the gland is friable and the ducts can be found with 
difflcultj Isolated cases have been reported, however, m which the 
ducts opened separatclj into the duodenum, and rare cases hav c also 
I>ccn described of necrosis conflned to the area drained bj the accessorj 
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duct of Santoruu To explain such cases it has been suggested that the 

actnationoftrj'psmogen might haiebeen caused bj reflux of intestinal 
contents from the duodenum, but it must be admitted that such an 
explanation lacks coni iction 

^Tiilst the evidence cited above points clearlj to a reflux of bile 
as the mam jetiological factor in man} cases of pancreatic necrosis, it 
cannot be regarded as a sufficient explanation in all Apart from the 
direct endence proMded by the isolated examples already mentioned, 
m vrhich the ducts hai e been shown to open separately into the duo- 
denum, there are many cases in wluch the occurrence of biliary reflux 
would seem to haie been improbable Hicli and DufT ha^e drawn 
attention to a proliferative metaplasia of the duct epithelium similar 
to that seen m the breast m chronic mastitis, and ha\e suggested that 
the obstruction of the pancreatic duct caused in this way may be 
responsible for the escape of tr\'psinogen into the mterstial tissues of 
the gland On the other hand, the frequent association of pancreatic 
necrosis with chrome cholecystitis lends support to the old xuew, first 
put forward by Alargaret, that a lymph borne infection may sometimes 
be responsible for imtiating the auto-digcstion , whilst, finally, the 
occasional occurrence of pancreatic necrosis in the course of typhoid 
fei er, mumps and other diseases suggests that in some cases a blood- 
borne infection may be an ®tiological factor 

CHRONIC PANCREATITIS 

"Minor degrees of uidurationof the pancreas are found not infrequently 
at operation for gall stones, especially when a stone has been impacted 
m the common duct In some such cases the presence of scattered 
points of necrosis or calcification points to an earber mild attack, of 
acute pancreatitis 

Tlie term Chronic Bdapsm« PancrcaUtis has been applied to a 
condition occurring mainly m men, and unrelated to biliarv disease, 
m which the pancreas is diffusely hard or nodular and microscopicalK 
shows fibrosis with cellular infiltration Sometimes there has been a 
history of recurring attacks with severe pain E\entualh progressne 
destruction of the gland may lead to diabetes and steatorrheen, while 
there may be calcification or a calculus may form m the pancreatic 
duct 

Constriction of the common duct by fibrosis may gise rise to 
jaundice and cause confusion with carcinoma, especialh if there has 
been little or no pain This may account for some cases of unexpectedly 
long sunmal m supposed cases of carcinoma 

PANCREATIC CYSTS 

Pancreatic cysts are rare Their surgical importance lies m the fact 
that they must be taken into consideration in the differentiation of 
other cystic tumours m the abdomen 

It IS customary to dnide cysts of the pancreas into Uue and 
false, according as they arise in the gland itself or merely in proximity 
to It. J t j 
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True Pancreatic Cysts 

True pancreatic cysts are much rarer than false ones They may 
originate in many different ways and the following varieties may be 
recognized (1) Retention cysts (2) Degeneration cysts (3) Con 
genital cystic disease (4) Dermoid cysts (5) Hydatid cysts 
(6) Htmorrhagic cysts 

(1) Retention Cysts. Cystic dilatation of the ducts of the pancreas 
may result from obstruction by calculi, from fibrous stenosis of the 
mam duct, and from clironie pancreatitis The dilatation may be 
w idely distributed but is rarely \ cry great 

(2) Degeneration Cysts may arise either in an adenoma or in a 
carcinoma The cyst is usually muUilocular and is situated in the head 
of the pancreas It contains clear or mucoid fluid, which may be blood 
stained 

Multiple cysts are present very frequently in association with 
angiomatous tumours of tlie cerebellum and spinal cord — Lindau’s 
disease Cysts or a hypernepbroma may coexist m the kidneys 

(3) Congenital cystic disease is exceedingly rare , it has been found 
usually m children Tlie condition resembles that met with m the 
kidneys, witli which it may coetist TJie lungs, too, may be the seat of 
cystic disease which is liable to fatal suppuration in early life 

(4) and (5) Dermoid and Hydatid cysts liave been found in the 
pancreas They possess no special features other than those peculiar 
to the Site in w hich they arise 

(6) Haemorrhagic Cysts Bleeding mav occur into the pancreas as a 
result of injury or from acute inflammation, and from either of these 
causes a cyst may develop , but blood may be found in almost any 
^ ariety of pancreatic cyst. 

False Pancreatic Cysts or Pseudocysfs 

A pseudocyst differs from a true cyst of the pancreas in that it does 
not originate in the substance of the gland but is situated m close 
proximity to it and is generally connected with it At operation 
it may be diflicult to determine the exact relationship of the cyst 
to the gland or, indeed, to be certain whether it is a true or false cyst 
A true and a false cyst may coexist 

^Etiology. A pseudocyst is due usually to the encapsulation of 
c\tra\asated fluid m the peripancreatic cellular tissues or in the 
omental bursa Its mode of origin is not alway s clear as a satisfactory 
history cannot always be obtained Many cases are due to injury, and 
follow a blow on the epigastrium which causes laceration of the posterior 
lay er of the small peritoneal sac and of the pancreas Blood and pan- 
creatic secretions are poured into the omental bursa or into the cellular 
tissues around the pancreas , the cpipIoic foramen becomes sealed, and 
the peritoneum becomes condensed around the effusion and brings about 
its encapsulation Tlie resultmg swelling m the upper part of the 
abdominal caMty may be evident vvithm a few days or a few weeks of 
injury, or it may not be detected for many months In some cases the 
origin of a pancreatic cy st may be traced to a mild attack of pancreatitis, 
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wlucb causes an outpouring of Wood and pancreatic femicnts into Ifc- 
tissues around the pancreas 

Pathological Features false pancreatic ev^ vanes m size from an 
orant'e to krrer than a fatal head The thickness of the evst wall 
vani, but usuall% it is quite thin , lU Lnmg is generallv smnolh, 
although ridges and rep»a are vimetcaes present. O'd blood dot mar 
adhere m places to the wall of the cvsU ‘^ouie cvsts are inJiBocnlar 
TJie lining of the cvsi is some^uces composed o*" c% Imdncal cp tbelniia, 
but m m^v i» is fibrous Tie contents of the evs^ mav be d^ ^ 
ivaterv o* gelatmoua but more often are linbt brewn from extiavasated 
b’ood In a few matances the Cu d mav have a gre en Imre from th^ 
prerence b ite. Tfc“ contains albomai, is alkaline in reaction 
and of low <peafc grav*^ and on anals~i> i> found to contam verv 
Lnl* «o!id matter The irost important diarac^er of the fin d i» its 
f_£tJre o' d-resi^on. ^ three pancreatie fcnneits mav b* present, 
but there u oslv o''** In some, especiallv old eaeapsuled evsts, 
no fsimec‘>are famd o' the ferments mav be present man inactivated 

feren. Tfc* presdce of all three fennenls points to s evs* arisms from 
c* directlv connected the pancreas, but therr absence does not 
«sd-aeap5srre3*'^c’i'Tn. The findmgof a stardKoavertiBgf'rTaent 
ali^ne is c' vals* m dagaos^ bmuse i* has been shown that 
frcQ abd-rr jal cvsls cr era asetbe fitud mar possess soch 

prorerties. I* > a <*'««va*wa that when a panczeatie o st is 

drain'd «se''''uat>rei cf tr* «bmasdd.gest>on o' the subentaneoas tissues 
mai o''rer from ih* lealac* c' th^ ecrvia^-containiag Paid. 

K pcruTw.ti- cT^ msv arse in c* b- related to an% part of Ih* gland, 
but CUB*" r* »s in tb» ceeshbeorhood of the bodv o* the 

tsil In the E>avi-*T tlr cw* Irs behmd th* pos'eno- laver of th- 
3 »er*aafL 2 J '-rming tir cmestal bursa. 32?^ tJtxmaie posit’on and 
relations of Ih" evs^ gj^ d'^cnninrel bv its relations to th» preitiKieal 
reS^^OLS nhiea foren th^ omental bursa. Thus a mav protn-de 
een thi^ «tomsch and liver or (and thii is iikw* frequsi*) between 
th*' s’om’ca and transverse co’oa Oc&sionallv i*- eiterreJ th* 
lei ers c' lh» tra-svese mesocolon, and the co’m is stretched orer its 
bjr'i.ce. % m the bead ma\ calls'* pressure on the common b3^ 
djc* xjid y£u_d.re The znanv Tanabons la pnsrtica lead to great diflJ* 
e’_h\ in c — trre*ial d.agno^ and to confuii'CKi with other abdominal 
a dilated gall bladdre, a evst o' th- common bde 
t j t, a cv'* c' tb“ posteno” wall of th** s*omach, a collection of asatic 
. — id ai-d ti'drouephio^.s Spontaneous runti.re i> a rare cccurrentr 
In tb* trea‘ma'l of a pancrcabe evst, maisup.aiization of the evst 
WiJ and diumage are usuallvsaJScseat. Comp’'*tc removal of a larg<* 
cn s', cr’ess it is p'duneulated, mav be atteided br great rid. on 
are^t of the larg» and often dBated vessels that surround it and 
breanse of its firm sdheswn to cesghbourmg structure, 

PAhCREATTC CALCULI 

. .n 'Im a.-, affected more 

onen than wemen (4 1) 
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Calculi are never found m a healthy pancreas, and it seems pro 
bable that the} are the result of catarrh of the ducts from infection 
The number of calculi ^ anes, usually e to ten are present , in rare 
cases there is a solitarj calculus, hut os man} as 300 ha\ e been found 
The calculi \ary in size from fine gntt} material to masses the size of a 
date stone or a -nalnut The} ma} be smooth or rough, soft or hard, 
and in colour white, gre} or } ellmv 

A pancreatic calculus is cliicfiy composed of phosphate and carbonate 
of calcium, but examples containing oxalates are described On 
account of their content of brae salts the} cast a shadow m a radiogram, 
and this is helpful in their recognition 

The calculi may be found in all parts of the ducts of the pancreas, 
but the head is the usual site 

A pancreatic calculus ma} give rise to symptoms which closel} 
resemble bihar} colic In many of the recorded cases gall stones liai e 
been present, sometimes with jaundice, and this has diverted attention 
from the pancreas In some the presence of gl}cosuria, azotorrhosa and 
steatorrhma may aid in diagnosis b} directing particular attention 
to the pancreas Sometimes a calculus has been responsible for an 
abscess 

In diagnosis the presence of a shadow m the region of the pancreas 
ma} be helpful A single calculus m the liead usually lies trans\ ersel} 
If the calculi are more numerous and <listributed tliroughout the 
pancreas diagnosis ma} be made with considerable certainty 

TUJIOURS OF THE PANCREAS 
Simple Tumours 

Simple tumours of the pancreas are rare but ns they are usually 
encapsuled the} are amenable to surgical remo%al The commonest 
is an adenoma, which is often c}stic [q/stadenoma) It origmates 
probably m the duct epithelium, and has been found most often in 
relation to the head of the gland 

Islet-cell Tumour (A rstdioWastomo) A simple adenoma may arise 
AV the islet tissiie cd the puiyereits Jt .way pcissessevsffffeeated fuiietiefts} 
actnity and g»e rise to characteristic metabolic features which are 
known as hypenrisulmtstn Tlie disease is commonest in middle aged 
adults especiall} women 

The adenoma is usually greyish avhile or pink and oaoid, andmav 
be 2-9 cm in its long axis It is most common m the bod} or tail on 
the superficial surface, but it maj be deeply seated in any part of the 
gland The tumour has usuall} a tlun capsule but m some instances 
local infiltration has been observed, but definite mahgnanc} w ith meta 
stasis IS ver} rare Microscopicall}, an islet cell adenoma is composed 
cluefly of branching solid trabeciila? two or more cells thick, and sepa 
rated by strands of fibrous tissue nch m blood \ esscis The cells are 
mostl} basophilic and resemble the normal cells of the islets and are 
IK)l}hcdral or columnar with abundant granular cytoplasm contaminf' 
a round or mal nucleus vihich stams deeply with hcematoxylm ° 
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An islet cell tumour mav gi\e nse to periodic attacks like those due 
to an erdose of insulin and charactCTiaed b> dizziness, somnolence, etc 
The attacks maj be precipitated by prolonged fasting and when they 
occur ma^ be rclie\ed bj gning large quantities of glucose Tlie 
blood sugar is constantlj low, '\arjing between 0 02% and 0 05% 

In cases of suspected hj’permsulinism, pro\ ided other causes of hjqxi* 
gl> ciemia can be excluded, surgical exploration is warranted , and in 
the cases m nhich the tumour has been removed and the patient sur 
vned there has been complete recorery At operation disco\er} of 
the tumour maj be difficult, or, if it is deeply embedded, impossible 
There may be more than one tumour In some cases there is no tumour 
but generalized oi ergrowth of the islet tissue 


Malignant Tumours 

The pancreas especiallj its head, is \erj frequently in\ohed by 
the extension of a carcinoma of the stomach, and such a growth is more 
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from the glandular epithelium is of a spheroidal cell pattern , it is 
much more common and is of more rapid growth than the columnar cell 
tjpe denied from the ducts The spheroidal cell tumours are usually 
of a scirrhous tj^pe, although a bulky encephaloid tumour is sometimes 
observed In all varieties mucoid, c>stic or hsmorrhagic changes may 
occur Calculi have been disco\ered m the interior of some tumours, 
and ha\ e been held responsible for their development 

■\raiignant tumours seldom attain a very large size The growth is 
usually hard, irregular, and nodular on its surface, and it is securel} 
fixed to neighbouring structures The cat surface of the tumour is 
usually of whitish grej or 3 ellow colour, and degenerative changes are 
often noted m it In about 56% of cases the tumour is m the head of 
the pancreas, the body is the next most common site (6%) and the tail 
IS but rarel} mvolied In a considerable proportion (30%) the whole 
gland IS maohed diniisel3 b} a multi nodular type of growth that 
causes a generalized and fairlv uniform enlargement of the pancreas 

Pathological Effects The pathological effects ^ar} according to 
the situation and the direction of extension of the tumour '^^^len, as 
IS most common, the growth is in the head it causes compression of 
the pancreatic duct and may obliterate it completely so that at autops\ 
the whole duct system proximaU3 may be widely dilated The common 
bile duct IS usually subjected to pressure or compression at an earl) 
stage although its mvolvement may be long dela3ed or may neier 
occur Obstruction of the common bile duct leads to a dilatation of the 
upper part of the duct and gradually increasing distension of the gall 
bladder, and in the later stages the intrahepatic ducts are considembl) 
ddated It is unusual for the tumour to cause much obstruction of the 
duodenum Empt3Tng of the stomach may be interfered with from 
in> olvement of the p) lorus 

A tumour in the head of the pancreas as it extends ma> occlude 
the portal vein or its tributaries or e\en the \ena cita and ascites is 
the final result Portal thrombosis has occurred in a few instances 
The ureter, colon or stomach maj be jniaded in tlie late stages 

Secondary deposits occur with greatest frequency in the Iner, 
either as multiple opaque foci or, more rarel), as a single laige mass 
The retroperitoneal lymph glands are often m\oI\ed and through that 
channel the mediastmal glands may be m\aded In advanced cases 
metastases of considerable size may occur m the lungs a single one 
mav simulate a primar) tumour 

The Clmfco-patbolcgical Features are governed bj the position of tl»e 
tumour The gradual onset of jaundice with obwus enlargement of the hv cr 
and the gall bladder w the most striking effect If the growth starts near the 
<luct jaundice occurs corlj otherwKe iC maj be long delajed Signs of 
pancreatic dvsfunction are rare for anastomoses between the mam and 
accessors pancreatic ducts ensure egress to U e external secretion while the 
internal secretion insulin remains normal since onlvconiparativclj few l lets 
are implicated 

In pen anipullary growths arising from the ampulla itself the adjoining 
pancreas or the duodenal papilla superficial necrosis of the growth may 
relieve the biliary obstruction and cause the jaundice to be intermittent 
while infection from the growth maj lead to cholangitis thus niunicking tlie 
state often produced bv a stone in the duct 
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V tumour m the IxxK of the pland usua!I\ cau«e^ pain and a gradual 
failure of appetite and strength features which make differentiation from 
carcinoma of the stomach difficult 
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CHAPTER XXX 

DISEASES or THE SPLEEN 


The suiter} of the spleen, once based upon empiricism is now 
founded on scientific pathological and ha;matologicil precepts 

Structure Tlie structure of the spleen appears very confusing to 
those unacquainted with its arclutecture, but actually it is not unduly 
complicated Tlie tliick fibro muscular capsule and trabecnlas enclose 
a network of branching cells whicli form the framework of the pulp, and 
scattered through the pulp he the Malpighian bodies, which consist 
of localized thickenings of lymphoid tissue arranged like mantles 
around the smaller arteries The structure may best be understood bv 
considering the course of the blood stream The arteries, after giving off 
small side branches which terminate m the Malpighian bodies bianch 
m a dichotomous manner, and end m minute penicillar vessels little 
larger than capillaries, winch are surrounded by aggregations of pulp 
cells known as ellipsoids From there the blood passes into a meslni o^’k 
of wide tortuous channels, the sinusoids of the pulp, which have no 
complete endothelial lining and are essentially clefts between the 
branching reticulate pulp cells The sinusoids are of large size compared 
with the penicillar v essels, and the blood therefore pursues a sluggish 
course, in places even stagnating for relatively long periods , the blood 
IS thus brought into intimate contact with the pulp cells, and is rcadu i 
subjected to their beneficent influences Finally, the blood leaving 
the pulp spaces is collected into large venous sinuses and thence to the 
trihutanes of the splenic v cm 

Functions The spleen is not a separate and independent viscus 
norking in isolation and having specific properties, but rather a^ an 
organ intimately connected with at least three important systems It 
is the most important member of the reticula endothelial s^ stem it 
takes part in the formation of the blood, especially in the embryo and 
it IS intimately concerned with the metabolism of blood pigment 
Consequently, it shares in a special degree the same changes as other 
organs concerned with honnatopoesis 

The functions of the spleen, so far as they are knoivn or suspected 
may be classified as follows — 


(1) llamatopoietic runction In adult life this is practically confined 
to the production of lymphocytes m the Malpighian bodies Occasionally 
m disease the spleen may resume its embryonic propertj of producing 
red cells and polymorph leucocytes 

(2) llamatoclasUc Function As the most importantmMsbjrof the 

retieulo endothelial sv stem the SDleen * — thatTTrwi.;^ 

'v.th the destruction^of blood ^ adequately rceo?^ 

m the meshes of the pulp and are heres. 
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6*3 disease^ or TEE SPLEEN 

Lsieo lohji co-teii* u <€* free and becomes conrcrted into 
i„»€rt=*cs*e p-odncts wt ch are e th^ ^to-ed or despatdied to the 
h-cr fo' es'^* ''n m the b'^*“ ProbaWv the spleeo also destiovs blood 
pL*cl£t 3 , fo-- I* u fstmd th 2 ‘ a dscases da’sctenrcd br a great 
cLuurc^-oa in p!a»el®ts reinoval of th*» «p’*en js followed bv th*^jr 
reaapearsace in co’inal cmnbeTs. 

( 3 ) Phc^ Pc-^imlcte MeUrr In its slnggssh flow thronsb 

the «Jinso ds the b «d comes do dim-»te contact with the phagocvtie 
cells c' th- pain and th«e exenase the mc«* important action of 
remonnc o-nm^ms and ether fowign or nocnoos particles present in 
the cir'i*Lting Lc-ds TKs phacoevtic ac*»a nsav be deraaastraled 
read-1 in th“ anim-l bs" inje*'*mg «oic* particulate sals tane e sneh as 
Tnd...^Ti d- into the b'xsd **'eaQ, whai the <p^een rapdlv becomes 
loaded wii p-'^cen* and assi-ines a deep black bae. This mav b^ of 
impc’tan'^ as a p*o ec*ive c'^hamsm in infectis'C diseases and m the 
ccn‘in-al mmo^ o*«turbances of eve'vdav life 

(4^ Revi~otr The capsnl** and tiab<*eal3e contain plain 

Ci^sd* £b”es emb^ded in the c<jnn<*-*tire txssi-^, and in Tirtne of these 
th» «u’eea b ai*iTe’v contractOe o>gaa whidi, la response to certain 
s*rmi— undergo*^ -eductwn ta sac to a re^ cois’derob’e ccteot. The 
importas*e of thj p-ope^ bes n the fact that m health when the 
bode IS «*■ res* th» «p’een contajis a la'ge fraction of the total blood 
Tohnne — oecaSiOnaUr, i* is claimed as mcch as one-fifth — and when 
usider eerta.n conditions tb* need forthis blood arises the spl*ei is able 
to expel 1 * do the po*tal circulatx>x 

These Tana*Toiis in size serve to regubte the degree of cocgestica 
o' the Irrer and the alnnentarv during the phases of digestion, 
a-d also ecab'*- the sp’*en to respond to th“ demand for sudden 
increase m th- red cell coa*ent of tli» orcnliticg blood, for example, 
during exercise and in asphvxia, carbon monoxide poisoning and 
hamotrb^e 

(a) E^a* on Frcgiltlj of B<d CtZt Red cells expressed from the 
sp’sne pulp are more fragile than those cjoulatzng m the blood 
as est im ated bv their readier Ivsis wben placed in graduated hvpoton-c 
salt co%t]o^ 3Io'Tover, in eond-tions charac*oized bv excessive 
fragili*v o' lh» circulating red blood cdls t* is found that renMval of 
thp spleen is gTierallr followed bv a return of th^^ celU almos*, or 
entcelv, to thpir mtssI «tate. These observations have sag^sted that 
the sp’*si i»-mallv, and m certain diseases to a g-eater degree, mexeases 
the fragiLtv of the red c-L*. 

(e) Prodi^irm of -IniS^^a In certa-n »nrmaU ,t a found that 
fpJ*EPctDii3v IS foLowed bv a d. m . m shed resistance to infections, ard 
it has been th^ght tha* lb» spied mav be an impo'tant site fo- the 
p-odLirtwa of antibod.*s. ConSrmatJon, bowever u 

Effects of Spknectonrv Remova] o' th- spken is followed bv 
tempo-arv In-cocvtoss and tempo-ajv of the ««ronda-v tvpe 

Tb cC m a few weeks but cccasioaaliv 

When the b’ood platelets have been 
■‘c'^Saon there is a rapid return to the 
. bs* when the number before opemticn 
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lias been normal there is usually little change, though sometimes an 
increase even to fivefold has been noted, and this probably predisposes 
to thrombosis The fragility of the red cells is decreased in the healthy 
animal after splenectomy, and the same sometimes is observed in 
man, particularly if increased fragility has been present before 
operation 

One of the most v aluable effects of splenectomy is a purely media 
meal one, namely, that of eliminating the splenic blood flow and thus 
diminishing the quantity of blood readiing the hv er It is said that in 
health the spleen transmits a quarter of the portal blood, and when the 
spleen is large and very v ascular, as in splenic amemia, the proportion 
transmitted must be much greater To a liv er embarrassed by cirrhotic 
change the reduction of the portal circulation must bring great 
relief 

The Rationale of Splenectomy. Except m mjunes or m undue 
mobility of the spleen, splenectomy should only be adv ised upon some 
definite indication based upon pathological considerations The days 
of splenectomy for mere splenomegaly are past, and m practice there 
are three major mdications for the operation — 

(1) To remove a focus of disease, eg , a tumour or cyst 

(2) To reduce the volume of blood m the portal circulation 

(8) lYhen there is evidence tliat the spleen is engaged m excessiv e 
destruction of, or damage to, the cells of the blood 

The last indication is of especial importance m atypical disorders of 
the spleen and blood forming tissues In progressiv e ameniia of 
unlcnown origm with a large spleen it is essential to decide whether the 
spleen is primarily involved and is the cause of the anjemia, or whether 
the splenic enlargement is compensatory In such a ease much can be 
learnt from two procedures, namely , estimation of the fragility of the 
blood cells and enumeration of the reticulocytes 

The fragihty of the red cells js measured by their resistance to 
hypotonic saline solutions Normal blood added to a graduated series 
of saline solutions lakes when the concentration of sodium chloride is 
reduced to about 0 35% or 0 4%, but fragile cells lake more readily, at 
0 5% or 0 6% 

The reUeuiocgtecmrritscvca more vaiVtahfe A reticafocyte is nrereiy 
an immature red cell, and it differs from the adult cell in possessing a 
delicate reticulum, which is invisible in films stained by the usual 
methods, but can be demonstrated readily by the use of v ital stains 
It IS probable that all red cells are at first reticulate, but in health 
reticulocj'tes are present in only very small numbers in the circulatmg 
blood An mcreased count indicates an exaggerated erythroblastic 
activity of the bone marrow 

In aplastic amemia or where the bone marrow is diseased and 
Unable to proliferate, no reticulocytes are formed, whereas in acholuric 
jaundice, when the bone marrow is attempting to replace the cells 
destroyed m the spleen, the count may rise even to 85% In pro- 
gressive anaimia a high reticulocyte count indicates that if the hasmo- 
lytic agent be removed, the bone marrow will adequately recover its 
normal activity 
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INJURIES OF THE SPLEEN 

The spleen may be pierced in stab wounds, or rarely bj a sharp 
fragment of a broken rib forced through the diaphragm. A much 
more common mjun, however, is rupture resulting from indirect 
1 lolence Rupture of the spleen gencrallj occurs as n result of a se^ ere 
cruslung or “ run oicr ’ injurj, and it maj be accompanied by other>, 
such as fmetured ribs, rupture of the liver, a tear of the diaphragm 
or fracture of the spine An enlarged spleen, especially one winch 
IS soft and friable from disease, niav be ruptured by a compamtn el> 
slight injurv or even spontaneouslj — perliaps as a result of a sudden 
contraction of the plain muscle fibres in its capsule. Cases have liecn 
described of spontaneous rupture of a normal spleen. 

Rupture generallv involves the vascular pedicle and leads to 
hTmorrlnge into the peritoneal cavitv. At first the bleeding is slow, 
owing to the degree of shock, and a hxmatoma forms in the left upper 
quadrant of the abdomen, bat after a few bouts, •when the blood 
pressure rises, bleeding becomes more profuse In rare cases severe 
liEmorrlmge ma> be delav ed a daj or two, or even a week. 

EXCESSIVE MOBILITY OF THE SPLEEN 
A spleen enlarged from any cause, and occssionaDy a spleen of 
normal size, ma} stretch its retaiouig ligaments and attain considerable 
mobihtj, so that it swings freelj to any part of the peritoneal cavity. 
Such a spleen may cause discomfort on account of its weight and 
mobibt>, and, moreover, it is apt to give rise to sjmptoms from 
torsion of its peditle Such a mobile spleen may rarely give rise to 
secondar> effects from pressure. Cases have even been recorded in 
which the spleen became impacted in the pelns, and pressed upon the 
bladder and rectum 


CYSTS OF THE SPLEEN 

C> sis of the spleen are rare, and their origm is obscure. The majority 
are spurious cv'sts, the result of hxmorrhage or of degeiierativ e changes 
from infectious or vascular disease Ilvdatid cjsts and dermoid cv'sts 
hav e been described from time to time.* 

Primary non-parasitic c>sts may be dassified as single or muitiple, 
Single cysts, wluch are rare, have been observed gcnerallj in joung 
adults They mnv attain considerable size and maj fill the greater 
part of the abdomen, so ns to be mlstakcai for an ovarian cjst. Such 
ej'sts contam serous fluid ofieii loaded w ithin cholesterin crj stals. Tlie 
cj-st ma> have an endothelial, epidermoid or a fibrous lining, or a 
combination of all. (.alcificatioa in the walls is sometimes present 
Multiple cv'sts of the spleen sometimes occur m association with 
polv cv Stic disease of the kidnc) s and tiv er. 

TUMOURS OF THE SPLEEN 

Primarj tumours in the spleen are extremelj rare. Carcinoma, 
sarcoma, and angioma have been desenbed. Of secondarj tumours. 
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those arising in haematopoietic tissues, e g , multiple m\ cloma, are the 
most common OccasionalK the spleen is im olred in tumours grow ing 
from neighbourmg organs, such as the stomach or the left kidne\ 

The rarit\ of turtiours of the qileen presents a problem of great 
interest in relation to the general features of cancer grow'th, for although 
the spleen has l^anph vessels onh about its capsule, its blood supplj is 
copious, and one would expect it to afford a fa\ curable site for prolifera 
tion of cancer emboli There is no doubt that manj cancer cells reach 
the spleen, but f-iil to establish themsehes, and it would seem that the 
spleen possesses a not \et understood property of inhibiting their 
growth In this respect it resembles muscle which too is another rare 
’iite of secondarj tumours 

OTHER SURGICAL DISEASES OF THE SPLEEN 

There remain for consideration certam affections of doubtful nature, 
which are characterired bv a variable degree of enlargement of the 
spleen and mam more widespread changes Certam of these 
maj he regarded as primar\ diseases, others are diseases in which 
the spleen merelj participates The classification of these diseases 
presents manj didiculties owing to the diversity of their manifestations, 
which, moreo\er, differ in detail in almost e^ ery individual case , and 
their ffitiology constitutes one of the most difficult problems of hosma 
tologj For sunplicit}, however, it will suffice here to describe onlj 
those of surgical interest, viz (1) acholunc jaundice with erythrocytic 
fragility , (2) splenic anxmia , (8) thrombocj topcnic purpura 

A fourth condition, the distinct entit> known as Egyptian spicno 
megal), is outside the scope of this book, and it will be sufficient to 
state that it results from schistosomiasis (bilbarziasis), and that in its 
pathologj and effects it closclj resembles splenic anxmia 


ACHOLURIC OR H.CMOLYTIC JAUNDICE \VITH FRAGILITY 
OF RED CELLS 

There are many types of hxmolj'tic jaundice, but the onlj one of 
surgical interest is that associated with fragility of the erj throcj’tes 
This IS usuallj congenital, and then often familial, but it maj be an 
acquired affection It is characterized bj mild jaundice, ^arlablc in 
degree but persistent throughout life, secondary anxmia and moderate 
enlargement of the spleen 

The essential feature of the disease is an increase m the fragilit j of the 
red blood cells ^Mien blood is added to hypotonic salt solutions of gradu- 
ally dimmishmg strength, a stage is reached at which Ijsis or lakmg of 
the red cells begins In health, this point is reached when the con- 
centration of sodium chloride is reduced to 0 35% or 0 4% whereas m 
ronditions of undue fragihtj it is reached earlier at perhaps 0 5%or0 C% 
Ihe effect of this fragility is to cause an excessi\e breaking down of the 
abnorrnal cells by tlie spleen, with consequent liberation of excessive 
«*^cess of a pigment closely 
related to bilirubin m the blood, and the bile is heavily laden with 
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pigment The feces remain coloured, and, as the bilirubmemia is 
of mild degree, there is no o\eiflow of bile pigments into the urme. 
To compensate for this hemolysis the bone marrow rapidly discha^es 
} oimg red cells into the circulation and consequently the reticulocvte 
count may be increased e\ento85%(rrep 59t) "Mam of the red cells 
are spheroidal (spheroc^-tes) 

^Miere the disease is congenital, the symptoms are usually mild, 
and shght jaundice with ameima is the only nianifestalion In some 
cases, howe^e^ and more commonly in the acquired form of the disease 
the nnipmia is more se\ ere and there may be occasional exacerbations 
of the jaundice with pain m the upper abdomen and fe^ er, which mav 
sunulate cholehthiasis In maQ\ cases gall stones are formed as the 
result of the disturbance of pigment metabolism The stones are of the 
“ pure pigment t^qie (tee p 558) 

The spleen is invariabh enlarged in acholuric jaundice, usually 
onl\ to a moderate degree occasionally to ten times its former bulk. 
\dhesions are rarely present Microscopically , the only gross change 
usuall\ found is a marked mcrease in the I'ascularity of the pulp, but 
if the spleen has been removed during an active phase of the disease 
there ma\ be an excess of blood pigment. 

Recent work indicates that the congenital and acquired forms differ 
in 'ehoJogi In the congenital ti'pe red cells transfused from the 
patient into a normal person survive onl\ a short time iihile cdls 
transfused from a normal donor into the patient survne normaltv 
Thus in this ty-pc hsmatopoiesis is abnormal t e tiie cells as formed 
in the marrovr are abnormatls sensitise to the normal hTimohiu. 
mechanism 

In the acquired tspe the reserse holds good The patient s red cells 
when transfused into a normal host sursiie normalK, whereas healths 
cells transfused into the patient are destros'cd rapidlv Thus m this 
ts-pe h-ematopoiesis is normal and the rc<I cell destruction is due to the 
presence of abnormal haemolvlic agents 


SPLEMC ANEMIA (Banb's Disease) 

Tlie ss-ndrome described bv Banli m 1891 is characterized by 
splenomegaly and anemia often oompheated by hxmatemesis and 
followed by cirrhosis of the liver witli ascites Formerly it was beheved 
that the priraarv focus of the disease las in the spleen and that cirrhosis 
of the liver if it supervened was a secondary feature, due perhaps to 
the action of toxuu elaborated in the spleen 

Recent work, however indicates that tlic splenic enlargement is 
simph the result of long standing elei ation of the portal blood pressure 
— portal hj pertcnsion Commonly the hypertension is due to oblitera 
tion of the venous channels withm the luer, as a result of pathological 
changes which subsequently become manifest as hepatic cirrhosis 
Less often it is due to congenital atresia or malformation of the portal 
vein to pressure on tlie portal vein bv tumour, cyst or gumma, or to 
thrombosis of portal or hepatic or splenic vein occurring primarily or 
as a result of such lesions ns trauma, pancreatitis, etc ° 
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In health the pressure within, the principal •\ems of the portal 
system ranges from 5 to 10 c cm of water In portal hj'pertension 
it may rise to 30 or even 50 e cm This rise of pressure is responsible 
for the dilated and tortuous character of the splenic vein and its 
tributaries which is a w ell recognized finding at operation 

The changes in the spleen are also due directlj to the venous 
hypertension The spleen js considerablj enlarged of grey pink colour 
and firm consistencj Microscopically the most characteristic feature 
IS the presence of sirferohc nodules — ^particles of iron pigment embedded 
in fibrous tissue — ^which are situated mainly round the central arterioles 
of the ^felpighian corpuscles Such nodules are believed to be due to 
minute pen arterial hxmorrhages resulting from the venous congestion 

Tlie portal hypertension leads to the development of collateral 
channels betvieen the portal and systemic venous systems notably 
at the oesophagus (between the gastric veins and ctsophageal veins 
draining to the azygos vein) at the umbilicus (between vessels m the 
falciform ligament and abdominal wall) and at the anus (between 
superior and inferior hsemorrhoidal vessels) New channels also develop 
at the upper pole of the spleen where the enlarging viscus by stretching 
its heno renal ligament Ins become “ adherent ’ to the diapliragm , 
and in the retroperitoneal tissues m relation to the pancreas duodenum 
and colon Of these many sites of collateral dilatation, the oesophageal 
holds primary classical importance, for the great varices which form 
under the mucous membrane commonly lead to hxmorrhage which 
may prov e fatal 

The blood changes m splenic onaimia arc characterized by anemia 
and neutropenia The red cells may be reduced to 3 000 000 per 
c mm and are small, poikilocytic and hypochromic The total 
v\hite count may be reduced to 8 000 per c mm The platelets may 
also be reduced m number In part the anscmia is commonly due to 
liTmorrhage but it may occur with no overt evidence of hajmoirhage, 
and its character, coupled with the observation that the lyunphocytcs 
are usually unaffected, suggests that the release of cellular elements 
from the bone marrow is inhibited perliaps as a consequence of the 
splenic disorder 

Understanding of the pathology ot the 1801111 syndrome as of all 
other diseases is of profound importance in regard to surgical treatment 
Splenectomy, though partially effective by virtue of reducing the flow 
of blood into the portal field is only completely curative m tliose rare 
cases where the venous obliteration is limited to the splenic vein while 
m other cases it carries the disadvantage of eliminating the collateral 
diannels to the diaphragm The old treatment by omentopexy was 
well conceivetl, but its effect negligible The modern operation of 
portocaval anastomosis effectively bypasses the obstruction and 
averts its most dangerous manifestation, tesophageal hemorrhage 
Arterial blood via the hepatic artery suffices to mamtam the nutrition 
and owgenation of tlie liver, while the diversion of portal blood causes 
little impairment — as the physiologist Eck showed as long ago as 1877 — 
m tlie manifold processes of metabolism and detoxication for which 
the liver is responsible 
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THROMBOCYTOPENIC PURPURA (Essential Thrombopenia) 
There are many forms of puiputa, that is, of diseases characterized 
bv a tendeaej' to hremorihagie extravasations- In some, the chai^w 
the blood *are obviously ^ndary, as in the case of the so-callrf 
svmptomatic purpura of septicasmia, miliaiy tuberculosis, etc. , in 
others, the blood changes appear to be primary. 

The onlv varietv of surgical interest is one of the primary group 
which 15 taown as thrombocj’topenic purpura- This is a disease 
manifesting itself intermittently in otherwise healthy pcisons, usuallj 
adolescents, and cliamctenzed by cutaneous h;EnHirrhages, slight 
recurring fe\er. and splenomegaly. The blood changes during the 
attacks are characteristic. The essential feature is a decrease in the 
number of platelets (thrombocytes) almost to zero, and this results in 
marked increase in the blee ding time as estimated by the duration of 
8ow of blood from a small puncture of the lobule of the ear. From the 
normal range of 2 to 4 minutes this may be increased to 15 minutes 
or longer. It is a remarkable fact that although bleeding from tlie 
capillanes is so prolonged, blood withdrawn and tested for coagulation 
fn nfro clots la the normal period. A fiirther factor in prolonging the 
bleeding ts femnd in the failure of the blood clot to retracL 

Hsematologists are not yet agreed as to the mode of origin and of 
destruction of the blood platelets, or even that they c-xist as cellular 
entities, and consequently there is no definite knowledge of the cause 
of thrombocytopenia. One view is that the actual production of 
pbtelets u unaffected but that the connal platelets are destroyed in 
exce«ive numbers by the spleen. 

Another important but little understood feature of the disease is an 
increased permeabQity of the capSlary walls, which are liable to rupture 
with undue ease. This may be clearly demonstrated by the test of Hess 
and Frank, which consists in applying to the ann a tourniquet or 
sphygmomanometer band. When the pressure is gradually increased 
to obstruct the veins, a crop of purpuric spots will rapidly develop, both 
under and distal to the tourniquet. 

It must be remembered that in many of these cases there are only 
mild recurrent attacks. Splenectomy is indicated hi severe eases where 
thoe is actual risk to life &om hannorihage, and is more likely to be 
successful in chronic than aente cases, in which relapses are not un- 
common. After splenectomy the platelet count rapidiv increases to 
no rmal , the bleeding diminishes and lucmorrhages cease. 
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CHAPTER XXXI 

DISEASES OF THE ADREXAL GLANDS 

the pituitarr the adrenal jbnds are composed of two distinct 
tissues the medulla cctodemal tlie cortex me'OtleTnal— wiUi 
independent function'^ 

Th- m'*djlla is intimatelv related to the autonomic nerrojs 
svstem. It fc> derived from neuro-ectodcnn, and it acts, through the 
avenev of its «;ecTe*ioD adrenalin, upon the svmpathelic nerve endings 
Its tumours are o» two tvpe- One vanetv is composed of adrenalin 
secretin^ cell> and is known as chromaftn-cell tumour or phsoehromo- 
cvtoma the Ovher IS composed of nerve cells o- th»ir piTH^nitors and 
IS known as a neuroblastomata 

The co-tex, on the other band i> of mesodermal ongn and appears 
f •st in the emb-TO as a rdge dose to the mesonephros (ITolffian bodv) 
It 1 composed pnaapallv of large cdL ndx in cholesterol, for whidi it 
I probablv a vto^house. Its traoours are composed of cells of smulsr 
t^■pe The co*tex has functions essential to life, whose nature are no*^ 
dearh usdeistood, and its complete removal or destruction inentablv 
causes rapid death. It appear to laCueccesecondarv sexual characters, 
and Q tumoiES of the c^cc these are sometimes profoundls altered. 

In addition th* cortex has an infiuence on th> metabolism of sodium 
and chlond^ as witnessed in Addison s d. sense In ibis condition 
exhibition of the wothetic active pnntaple of the cortex, desoxv 
corticosterone acetate (D 0 CJL) pamstcrallr o’- b% its implantatron 
into th» ti^es, is effectiTe m controlling the constitutional effects, 

TU'IOURS OF THE ADRENAL 'EDULLA 

The cells of thi“ adrenal medulla arc de riv e d fr o m th* elements of 
the primitive sympathetic chain, from which thev migrate at an earh 
stage of emhrvonic life. ITben mature, thev assume the facults of 
secreting adrenalin, and mav be distinguished imaoscopicalls bv the 
read ine s s with which thev take on a brown colorotion when treated 
with cliromjc acid salts, the reason for their designs hon as phsochromo 
ci*tes or ihrom^En cells 

TUmours of the adrenal medulla are of two tvpes. In the one, the 
cells retain their affimtv for chromates and th«T propertv of secreting 
sdrenalm. In the other, thev revert to the structure of nerve or 
the prt^enitors of nerve cells. 

(1) Kimodiromocytoma. \n adenoma is a commcai tumour of 
endocrine glands and mav be inactirc but m maav instances it assumes 
the specific function of the gland m exaggera’cd foroi. \n adenoma 
(diromaPui tumour) of the suproienal meduHa shares these charac- 
teristics In all but a few instances it is a sunpV* small vascular 
CM 
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tumour ^hke m celluHritj to the immature or adult medulla The 
cells are poljhedral or granular and maj be in acini the granules arc 
on!} detectable in fresh tissue hy special staining [e g potassium 
bichromate) — thej contain adrenalin in excessive amount a feature 
which bears evidence of the secretorj potential of the tumour 

The factors ivhich go\crn the secretorj actuitj of the tumour arc 
not understood the clinical manifestations commonest m nomen 
between tuentj and forlv jears arc due to excessne release of 
adrenalin either intermittentlj or continuous and accordingly there 
are tuo mam effects — paroxxsmal or persistent hv-pertension — the 
paroxysmal type m its hter phases may assume persistent character 
Subjects of this disorder are unduly susceptible to minor emotional 
and other stimuli and are therefore specially subject to operation shock. 

(2) Nerve-cell Tumours These tumours may be highly malignant, 
and reproduce nerve cells in \ ery immature form (neuroblastoma), or 
they may be benign and reproduce ganghon ner\e cells of adult ty^pe 
(ganglioneuroma) Intermediate types may be recognized 

Neuroblastoma and ganglioneuroma are not limited to the adrenal 
medulla, but may arise from any part of tbe autonomic nervous system, 
for example in the retroperitoneal tissues or m the mediastinum 
Tumours similar to a neuroblastoma may originate also in the retina 
Neurohlasioma (Sympalhicoblastoma) This tumour occurs m 
infancy or childhood It is highly malignant, metastasizes early , and 
often leads to a fatal issue in the course of a few montlis The tumour 
sometimes attains large size, but often is permanently small and may 
remain unrecognized even at autopsy, or be mistaken for a secondary 
nodule It forms a soft fleshy mass, very prone to liamorrhage and 
degeneration and it tends to invade surrounding tissues and neigh 
bouring organs — for instance, the liver or spleen The kidney is not 
always inv aded, cv en though indented and compressed 

Jlicroscopically , the tumour closely resembles a sarcoma, and for 
this reason its true nature was not recognized until 1910 (J H It right) 
It IS now clear that the origin is from nerve tissue and it seems probable 
that most retroperitoneal tumours of infants previously described as 
round cell sarcoma are of this nature The cells are small, round or 
oval, with large hyperchromatic nuclei and scanty protoplasm antf 
sometimes arranged in rosettes Interspersed between groups of the 
cells are ill defined fibres, which hove been identified by special staining 
reactions as axis cylinder processes and neuroglial fibrils 

The metastases of adrenalin blastoma occur early and are often the 
first ev idence of the disease Dissemination occurs by direct mv asion 
by lymphatic channels and by the blood stream There is a remarkable 
tendency to metastasize in the cranial bones near the orbit, and such 
growths are very apt to be mistaken for primary tumours Mctaslases 
occur also in the liv er, spleen, lungs nbs, peritoneum and other tissues 
Two clinical tvpes of the disease have been described according to 
the sites affected by metastases 

Pepper in 1901 described the type associated vith his name The 
tumour IS usually situated m the right adrenal gland, and the charac- 
teristic feature is the presence of metastases m the liver, which 
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becomes greatl% enlars^, so^ and harmo’rhagic, and dun fill the greater 
part of the abdomen completcK orershadowmg the pnmarv growtlu 
Hutch n«on de'crib'^ a tvpe characterized b\ tl e to secondar\ 

gmwtks m the orbit and neighboanng parts The metastasis ma\ 
displace the escball and destroN rt Th'* cranial bones affected b\ th*- 
tumour develop feathen proj'^liois liLc the “ stin ra\ ” spicules of 
peno>^te 3 l 'arroma (tff Fig 2CC) Tlie two !%-p« are hi no means 
djstmct and it «bou]d be cjnpl^sized that in most cases there are 
metastases m situations other than the Iner and orb t 

GangJionruror'c This rare tumour is of particular interest on account 
of its garglion cell structure rrh.ch m ordinarv circumstances is 



Fis -*%. Cepttabe m^taitasistroiD sonirobUftomsot the axtresal gUad. 

Note the aaoont of oew ananged ja peipeodicnlar 

to the ealrana. 

(It >!*»■ E-TSl Co-rj* »/ < vrnx «f 

incapable of diVKion The tumour mat affect adults or children 
Intenn'^ale foTns of tumour occur harin'^ in different parts th** 
characteristics of ganglioneuroma and of neuroblastoma (ne p 320) 
NlicroscopicalU there a*e nuznooiis nerve ganglion cells which he in 
groups s^iarated bundles of mcdullated and non medullated nerve 
fibres. 


TU'IOURS OF THE ADRI2iAL CORTEX 
Although the adrenal cortex is of mesodcnnal ongm its tumours 
have a glandular structure ard are described as adenoma or carcinoma. 
In the majorit' of cases th** tumonr is an adenoma a benign encapsu 
Ia‘cd tumour Less offen though maiah of adenomatous stmeture, 
it displas-s a localU uivasiTe character and attaches itself to the kidncrs 
and pennephne fascia In some cases, finalJr, it assumes franUi 
mahgnant p-operties and giies nsc to dstant metastases 
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‘VMiale^er the degree of malignancy of the tumour, its naked e\e 
appearances are fairlj characteristic It forms a somewhat globular 
tumour, jellow m colour, and may attain considerable size Often it 
contains cjsts filled with clear or bloodstained fluid and hjemoirhages 
within its substance are common In general appearance it ma\ 
closely resemble a ‘ I15 pemephroma ** of the kidney 

'Microscopically, the cells resemble those of the normal adrenal 
cortex but are arranged atj^ucally In some cases there is a considerable 
degree of anaplasia and the tumour may ha%e the appearance of a 
sarcoma 

The efiects of adrenal cortical tumours ^ary greatly in approxi 
mately 50% the tumour is symptomlcss or gl^es rise merely to an 
aching pam m the loin m the remainder it causes a remarkable 
senes of effects on the general metabolism and secondary sexual 
characters — the adrcno genital syndrome Similar effects also 
follow functional oa eracti% ity of the adrenal gland, and are believed to be 
due to the elaboration of a hormone or hormones by the cortex 

In general 1 cortical tumour occurring m an adult is syTnptomlcss 
whereas one m a child or a young woman gi\es rise to characteristic 
changes 

In a male child the sinking feature is aanlism The changes osso 
ciated with puberty de\ elop early (pubertas praeox) The \oice breaks 
there is a growth of hair on the face body end pubic region the external 
genitalia of cither sex enlarge and the psychical changes characteristic 
of puberty dcselop If the tumour is untreated a bnef period of 
precocious manhood is followed by early senility and death Sometimes 
in a male child the most obaious feature is a remarkable muscuhr 
development — the infant Hercules type 

In a female child the tendency towards vinlism is also apparent 
Puberty develops precociously, but m most cases there is no menstrua 
tion The skm becomes dry and coarse the voice is low pitched The 
clitoris may be hypertrophied 

In a young icoman the effects are even more remarkable for thev 
develop npidly and cause striking clianges in external appearance 
metabolism and mentality A girl of pleasing appearance may become 
within a few months an obese fng 

The V ictim rapidly becomes obese (gaming as much as 20 to 30 lb 
in a few months) and assumes a gross plethoric appeimice There is 
masculine overgrowth of hair and the skin often the seat of acme 
IS coarse dry and scaly 

The internal generative organs — uterus and ov anes — become 
atrophic Amenorrhoca is the rule Tlie clitoris is hy pertrophieil The 
breasts become flattened 

Hypertension is a constant feature — the systolic blood pressure may 
be raised to 200 mm Ilg or higher — and this may cause headaches 
Polyuria may occur as a secondary effect 

Cushing’s Syndrome The remarkable series of changes described 
above are not confined to cases of odrCTial cortical tumour but occur 
also in diffuse hyperplasia of the cortex or even m coses m which the 
cortex appears normal 
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‘^T’e of the<e are exainp’es of Cushm^s s^•I!d^ome {see p 290), in 
which OTeractivjtv of the adrenal cort«f is related to a basophil 
ad*-Eoina of the pitui’an gland AVh3st the c^ct nature of thi^ relation 
s^ip r*Tnains obscure i* secnis most satisfacton to regard the basophil 
adsioma as the pnmarr les oa, which in nrtue of its hormone stimula tes 
the adr'aal co'tei to orer-actiTitv and thus gives nse to the same effects 
as a primarv grewth o' th* adrenal cortex. Brosler and have 

shown that th* po*ent «IIs of a cortical tumour contain fuchsmophil 
granules and that similar fuchsmophil cells are present m increased 
numbers m the cortex m ca.«es of Cushings svoiome and in diffuse 
hvperplasia o' the cortex. Thus there is direct evidence of cortical 
over activitv even though on naied eve examination the cortex shows 
ro abnomahrt- Peceni wo’h indicates that the adreno-genital svn 
drom** IS associated with excessive production of the male horraon** 
androsterone 2 ’'d. b' hoTnon-* assav, it is now possible to determine 
wh'-ther th* p *^l.ta’^ o- th'^ adrenal is responsible {tee p 200) 
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CHAPTER XXXII 

DISEASES OF THE URINARY ORGANS 


Development of Urmary Tract In early mtra uterine life the urinary 
tract undergoes a complicated development Three distinct sets of 
excretory apparatus appear in turn the pronephros, the mesonephros 
and the metanephros The first of these disappears completely after a 
\ery brief existence, but the second and third persist m part and in 
entirety, to form almost the whole of the armary as well as portions of 
the generati^ e tracts 

As m Ion er members of the animal kingdom the primitive excretor> 
organs — the pronephros and the mesonephros — have a segmental 
distribution When the embryo becomes segmented m the third week 



of life, each segment receives an excretory apparatus nhich is placed 
in a mesodermal mass, the intermediate cell mass, situated on the 
dorsal aspect of the body cavity Eaclt excretory apparatus consists of 
a few minute tubules opening into the body cavity Those of the 
ccphalad segments constitute the pronepAros, and they disappear rapidly , 
leav ing no trace , those situated nearer the hind part of the embry o, 
behind the mid thoracic region, form the mesonephros (MolfTian body), 
and some of them persist Each Wolffian body, which thus consists of 
a number of minute tubules embedded in mesoderm projects forward 
into the ccclom or body cavity, and forms a prominent longitudinal 
ridge lateral to the mid line At first all the tubules dram directly into 
tile body cavity, but very soon there appears a long excretory channel, 
which lies in the substance of the Wolffian body, connects its different 
segments, and extends m a caudod direction as far as the cloaca This 
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cases the ureter from the superior renal pel\ is enters the bladder at an 
orifice below and medial to the other 

(3) Faulty Insertion of the Ureter By some error m the partition 
of the cloaca tlie lower end of the ureter may be displaced, and it maj 
open into the prostatic urethra, or into the ■vagina, or more rarely 
mto the rectum or even the seminal vesicle The anomaly may give 
rise to the clinical paradox of incontinent micturition of half the urine 
combined with normal bladder control of the remainder 

(4) Failure in Ascent of a Kidney This anomaly is rare apart from 
fusion, which is described below, but occasionally one kidnej may be 
arrested m the pelvis, or m the iliac fossa, whilst its fellow ascends 
normally 

(5) I^iwion of the Kidneys In its pnmitiv e position at the lev el of 
the second sacral v ertebra the kidney lies close to the mid line and near 
its fellow, and the two may readily fuse The commonest variety is 
“ bilateral fusion ” (horseshoe kidney), which is said to occur in 
approximately 1 of every 800 subjects, but rarely other tj^ies of fusion 
occur The fused organs may fail to ascend from their pre sacral origin 
(pelvic kidney) or they may ascend together to one lorn (unilateral 
fusion), and other rare types are described 

Bilateral rti^ion {Horseshoe Kidney) Here the kidnej s lie on their 
respectiv e sides of the mid Ime, but are connected across the front of the 
aorta either by an isthmus of renal parenchj ma or, more often by a band 
of fibrous tissue Usually the inferior extremities of the kidneys ore con 
nected, rarely the superior 

Anchorage of the kidney to its fellow prevents or perverts the normal 
process of ascent and rotation Horseshoe kidnej s are usuallj situated 
at a low lev el, with the connecting band m front of the promontorj 
of the sacrum, and often the band is palpable Since the normal 
rotation is interfered with, the hilum remiins on the anterior aspect of 
the kidney and the renal pelvis points directly forwards, hence this 
condition may be recognized m a pjelogram, for the shadow of the 
renal pelvis is superimposed upon that of the calyces The kidnej is 
also tilted obliquely or may he almost transverselj , and the 
ureter, emerging antenorlj, passes down m front of its lower pole 
Hj dronephrosis is often present, and anomalies of blood supplj arc 
common 

As in all varieties of renal anomalj, there is an especial liability to 
infection and calculus formation 

A pelvic kidney a rare abnormality, lies m the retroperitoneal 
tissues m the pre sacral region, •where it forms a soft mass of irregular 
shape and v ariable size, hardlj recognizable as renal tissue Aberrant 
bloodvessels supplj it, derived from various neighbouring sources, and 
there is often some hydronephrosis The ureters pursue a tortuous 
course before opening normally into the bladder From its situation a 
pelv 1 C kidnej is apt to cause obstruction during hliour, or it maj , cv cn 
more tragicallj, be mistaken for a pelvic neoplasm 

Vmlaleral fusion is a rare obnoimahty One kidney is properlj 
situated in the loin, correctly rotatol and with normal ureter and 
vessels and to its lower pole is attached the other kidncv The displaced 

•SW} 
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kidney carries across its ovm ureter, nod Us own artery, which cross 
the mid line to their proper side of the bladder and aorta respectirclj . 
Tlie translated kidnei fails to rotate, so that its hilum and renal pelns 
are directed forwards or e^ en laterally 

(6) Other anomahes of the kidney and ureter include congenital 
stricture of the ureter congenital hydronephrosis, and polycystic dis 
ease These conditions 



lie JOS 1 ol>c%stic di^csM! ct liie Li<liiv> The 
kidney gmitlj enlirged and is replaecd b\ 
ovsts of %anous sizes Some of the oists 
contained clear water) fluid others a Mscid 
material vhich clotted on fixition m fonoalin 
Tlic renal pch is and ureter are of small calibre 
Tlie eetiil arteries ace abnomtalW placed 
{Dt^trtment ef CitrrrKtfJ Ba xlurjli) 


Mill be described separ- 
ateU below 

POLYCYSTIC DISEASE 
OF THE KIDNEYS 
This is s disease of 
de\ elopmental origin but 
it is usually not minifest 
until early' middle life 
There is soraetiroes a 
definite familial tnci 
dence, and Caims has 
reported a striking ex- 
ample in which three 
successi\c gcnentions of 
a family were subjects of 
the disease 

Numerous cysts, 
small and large, appear 
m the substance of the 
kidneys, replacing the 
renal parenchynna and 
projecting like bunches 
of grapes under the cap 
sule Wien tlie condition 
IS fully developed both 
kidneys are enkarged m 
greater or less degree, 
sometimes measurmg as 
mucli as 25 cm m the 
loni: axes On cross 


section it IS seen that almost the whole renal substance is occupied b\ 
tile cy sts, and the remaining traces of parenchyma are compressed 
and fibrous The evsts ma\ project towanls the renal pchis as well 
as on the surface of the kidnc\ There is usuallv little or no dil ita- 


tion of the pelvis, but sometimes hydronephrosis of the pelvic type 
exists ^loreeommoiih therenalpchis, thoughnot dilated, is stretched 
out b\ the increase m size of tlie whole kidney , so tluit the major 
calyces are elongated and the minor caKces, though of normal sliapc 
are far apart 


Tlie contents of the cy sts maa be thin and w atery , or ^ iscid Some 

times the nuid IS clear, of straw colour, containing albumen iirewi and 
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\ariOus salts, but not infrequently it is discoloured by old or recent 
hemorrhages to \arioiJS shades of brown and red The cjst walls are 
composed of cirrhotic renal tissue and are usually lined by flattened or 
columnar epithelial cells The epithelium may proliferate, forming a 
lining se^ cml cells deep or with intracystic projections gi\ ing a semblance 
of a tumour not imlike that in an ovarian cyst 

Tlie theory generally held at present attributes poljcystic disease to 
a failure of union of the active “ secreting ” tubules and the passu e 
conducting tubules of the kidney The whole extent of the actue 
tubules, includmg glomeruli, convolutions and loops of Henle, is derived 
from the metanephros, and these elements are at first entirely separate 
from the straight collecting tubules, which grow upwards from the 
ureter bud {see p 610) In normal circumstances the* two elements 
unite, but it is thought that incomplete or faulty union may lead to 
dilatation of the affected tubules 

The features of the disease arc of interest in the light of its pathologj 
Polycjstic disease may arise tn utero, and the fcetal kidnejs may 
enlarge so greatly as to obstruct labour, but, apart from this truly 
congenital aariety, the disease rarely becomes manifest until the fourtli 
or fifth decades During the first thirtj or fort> years of life there 
may be no eaidence of renal disease, but when at last the disease 
becomes manifest it often runs a rapid course The earliest sign® 
may be those of renal failure, anorexia headache, mdefimte gastric 
disturbances, sometimes the weight of the kidneys causes dragging 
pain in the abdomen, and their enlargement may attract attention , 
or there may be sudden haematuria Urajmic manifestations lead to a 
fatal termination The disease may be complicated m rare cases by 
infection, by the rupture of one of tlic cysts or, exceptionally, by 
tumour formation 

Other Multiple Cysts in the Kidney. Small multiple cysts {“ reten 
tion ” cy sts) form a constant feature of the granular contracted kidney s 
of chronic mterstitial nephritis, and occasionally one or more of these 
may grow to large size, and give rise to a palpable swelling in tlie abdo 
men Hydatid cysts may arise m the kidneys, and cysts may occur in 
relation to new growths m the kidneys 

SOLITARY CYSTS IN THE KIDNEY 

The solitary or “ serous ” cyst of the kidne\ is of some rarity, but 
interesting because it may form a symptomless abdominal swelling 
whose nature is difiicult to define The condition is one of adult life, 
the average age incidence bemg forty five years The cyst usually 
projects from the lower pole of the kidney, and it may reach large 
dimensions Often it grows with some rapidity and attains the size of 
an orange in the course of a few months 

lUi increase in size it gradually becomes pedunculated and it may 
eventually be freely mobile upon the surface of the kidney Its wall is 
composed of fibrous tissue, often thm and translucent and contains 
clear amber fluid, m which traces of albumen and urea may be found 
A lining membrane of flattened or cubical cells ma\ be present, u is 
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usuam incomplete The ci-st does not communicate '"<1; •>;« 

pelTB o* cii!% as, and fo* that teasou 

© p\eIogr3ph\ ina\ be unhelpful 

The cause of «ohtan cv^ts has 
hitherto been m doubt and the' 
base generally been regarded either 
as retention from a localized 

form of duonic nephritis or as 
congenital lesions comparable to 
pohc'-sticdise^ Theexpenmenlal 
work of Hmman and of Hepler, hoir 
ercr has suggested that evst forma 
tioa depends upon two essential 
features (1) obstruction of some of 
the renal tubules and (2) impairment 
lod ^ of the blood supplr to a limited area 

f of the renal cortea:. 




HYDRONTPHROSIS A,ND 
HYDRO-URETER 


H'dronephrosis with dilatation 
tic 9 solitAn cnTtoftheLidaer of the renal pclns and calrces is 
s.9T*iC’Cri*t,*vjn^tl due to obstructioD of the outflow 
ti »,sn' ) unoe The obstruction ma' 

occur m ao' part of the unnan tract as in the ureter bv izopachon of 
a stone or an mtra ureteral tumour or b\ pressure from an extraneous 
swelling Obstruction ma% occur at the ureteral orifice in the 
bladder from cicatrisation or tumour, or m the urethra when the 
bladder participates in the subsequent changes and the condition is 
bllateial 


Should the obstruction to th^ outflow be complete and sudden, as 
m blockage of the ureter by an impacted calculus kidney function is 
permanent!' arrested the ureter p-oiimallv and the renal pelns maj 
remain normal or be attenuated and the h'dronephrosii ncTer 
reaches great size But when obstruction la discontmuous or 
onh partial as from ureteral stricture prostatic enlargement or 
urcthml stricture, the sequence of pathological events is exact]' what 
take^. place m other tubular nsceta imder s imila r circumstances 
Tiz^ utilisation of reserve muscular power with consequent h''per 
tioph' followed bv dHatation. In the bladder th»g is e'idenced bv 
thickening of its walls increased trabeculation, and posSibl' formation 
of di'erticula In the ureter the walls become thickened, the 
lumen irr^larh distended and the tube elongated and tortuous 
(h'dro-ureler) The h'^pertrophy is less obvious in the renal pelvis 
and ealvees The pressure of recurrent accumulation of urme in the 
minor cal' ces produces Catlening of the renal papilla, mterferencewith 
the outflow from the tubules and so back pressure on the glomeruli 
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There is coincident interstitial nqihntis and the essential structures 
undergo atrophj, partly from pressure, and partl> from interference 
with the blood supply as the newly formed fibrous tissue m the kidney 
contracts, but gradually the kidney becomes distended and may 
reach a \erj large size, and, then, in its wall renal tissue cannot be 
recognized by the naked e>e, and only in parts on microscopic 
examination At any stage of this process, relief of the recurrent 
obstruction may arrest the progress of the hydronephrosis, but re- 
storation of normal structure and functions mthekidnej does not occur 
Experimental Observations. Experimental studies ba^e allordcd 
information in regard to the de\elopment of hydronephrosis and to the 
ensuing alterations m iinnarj secretion MTicn one ureter is obstructed 
in rabbits for less than a fortnight thekidnej u ill recover after removal 
of the obstruction , but if obstruction is maintained for tlwee weeks the 
kidney atropines, as its fellow hj'pertrophies, and there is no stimulus 
for the obstructed kidney to resume its function after release of the 
obstruction If, however, at the time of release of the obstruction the 
other kidney is removed, the obstructed one responds to the needs 
of the bod} and resumes its full function The conclusion drawn from 
this finding is that once the secretion of a kidney is senousl} impaired 
the opposite one, provided it is health}, undergoes liv^iertroph} and 
assumes the function of the obstructed kidnc} — “ renal counterbalance ” 
But what seems of greater practical importance is the observation that 
once hypertrophv has occurred and increased function has been assumed 
the kidne} retains it 

Experiment suggests that increase of pressure m the renal pelvis 
has a decided influence on the renal circulation, both arterial and 
venous First, the veins are obstructed and the kidney is congested 
and to compensate for this the arterial pressure rises Finally, the 
arteries become compressed and are gradual!} obliterated This change 
occurs first at the cortex and extends progressively to the pelvis IVlien 
the blood flow through the glomeruli is slowed down, filtration diminishes 
and a smaller amount of urine is excreted 

Varieties of Hydronephrosis and Hydro-ureter 

Hydronephrosis and hydro ureter may be congenital or acquired 
In many cases there is an obvious cause of obstruction but in some it 
cannot be demonstrated 

Congemtal Hydronephrosu and Hydro-ureter. Congenital hydro 
nephrosis may result m enormous dilatation of the kidney, and this 
may be bilateral, and is then usual!} incompatible with life Hydro- 
nephrosis IS sometimes found m association with congenital abnor- 
malities, such as horse shoe kidnev , unilateral fused kidney, and 
double ureter, and m tlie last example the h} dronephrosis is frequently 
confined to the pelvis and calyces drained by one of the ureters Con 
genital abnormalities of the ureter, sucli as valnilar folds of mucous 
membrane or stenosis of a segment, may be responsible for h>dro 
nephrosis 

Congenital h}dro ureter is rare, it is nearl} always bilateral and 
affects male subjects It may become manifest in the first few days of 
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Ufe, because it is no^ced the child pas s es little or no nnne ; but often 
the’ condition produces few efTecis until later chfldhood. The hrdro- 
ureter is due to obstruction at the bladder neck in the posterior urethra, 
either from a disorder of the neuro-muscular mechanism controlling 
the urethro-vesica! sphincter, or to a valvular fold of raucous memhrane 
immediatelv distal to the orifices of the ejaculatory ducts. The ureters 
are thin walled, enormouslv dilated and tortuous (the left usually 
theater than the nght), while the bdneys are hardlj affected at all, 
and in their normal colour and sire form a striking contrast to the 
latestine-Iike renal pelves and ureters. Ihe bladder v» greatH hyper 
trophied, and as a result of the paralytic state of the ureters reflux of 
unne occurs bv gravitation or by contractions of the bladder. The 
disease tna\ i'^d to dwarfism, chronic nephritis and delajed tickets 
Death inav occur from urernLi or from pyelo-nephntis. 

H>dro!iepbiQsis and H>dro-ureter m Pregnancy. DJatation of the 
i.rcters and to a less extent of the renal pelvis is a normal occurrence 
in p’cgaanc^ The dilatation usually affects the right ureter alone, 
and IS alwa%s less on the left than on the right, possibly owing to tlie 
rorraal deflexion of th* uterus to that side. Ureteral dilatation begms 
about the tenth week and increases progressivelj as pregnanes advances 

Histo'ogical examination of the ureter in pregnancy shows tnat its 
m..scl* and fibrous tissue, cspeciaily m the lower portion, undergo 
hs'p^rtrophv siTnilar to that of the tissues of the uterus ^Then 
pregnanes is ended th» ureter usnaDy returns to oornnl, but m a few 
instances dilatatioa remains 

The cause of the ureteral dilatation in pregnanc> has not been full) 
determined pressure maj be a contributorj factor, but of greater 
importance is neurogenic obstruction at the lower end of the ureter 
comparable to acbalasia in other organs 

The obstruction at the lower end of th<» ureter and the resulting 
stasis of unne probably account for the frequency of banUut eoh infcc* 
tion Apart from infection, the tension within the dilated ureter mai 
be responsible for attacks like renal colic, or, b\ its effects of increasing 
the vascular tenvon in the kidneys, for attacks of hT-mntitn-. 

H>dronephio«is and Hjdro-urelerwiih Obnous Cause of Ohstroction. 
Obstructing lerons which taa> give nse to unilateral hi dronephrosis 
include stones in the kidney or ureter, stricture of the iireter, mflam- 
raatory pen uretentis, and, rarely, tumours of the t«ial pelins or of 
the ureter. Bilateral h5 dronephrosis niaj anse from urethral obstruc- 
tion due to stnrture or to prostatic enlargement, from paralytic dilata- 
tion of the bladder, from long-contmued prolapse of the utenis, or from 
inflaramatori infiltration of the broad ligaments A calculus m the 
renal pelvis may cause tatermittent obstoiction at the pelvi ureteral 
junction, and this is espeoalJy apt to occur when the stone is of 

size Large branched calculi, on the other hand, are not usnalm hydro- 
nephrosis Calculi associated with hydronephrosis usualli rranain 
small, as their growth is retarded as a result of the dunmished amount 
of crystal fonnmg material in the unne 

dUculi in the ureter may Irad to hydronephrosis if the calculus gii es 
nse to sufficient obstruction to raise the tension in the renal peKvi, 
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The first noticeable change is in the renal pelris and the calyces, but 
later the ureter above the stone becomes dilated and may reach the 
diameter of the thumb E\ en minute calculi may give rise to sufficient 
obstruction to cause hj dronephrosis 

Hydronephrosis and Hydro-ureter without Obvious Cause of Obstruc- 
tion This form of hydronephrosis is usually unilateral It is very 
rare m infancy and it is usually found in subjects between twenty and 
forty years, although it may be much later before it comes under notice 
It generally de\ elops insidiously, and it may reach large size without 



Fig 270 Ilydronephrcwis The renal pelvis is greatly dilated and the 
kidney IS enlirged OnsecUon the calyces were found to be dilated 
but to Q relatively smaUdegree and a considerable amount of secretory 
tissue remained The ureter is of small calibre Iso cause for the 
hydronephrosis was found An abnonnally placed artery passed close 
to the pelvi ureteral junction to reach the inferior extremity of the 
kidney 

{DepartmtntofStrtrrv CtimnitgtfEitnburgh) 

obvious effects IVhen the feidnej is examined at operation no cause 
for the hy dronephrosis can usually be discov ered , such cases constitute 
the majority of examples of hydronephrosis, and receive the non 
committal designation tdiopathtc hydronephrosis It has been suggested 
that the underhmg cause is long continued faulty emptying of the 
renal pelv is due to inco ordination of the neuro muscular mechanism 
of the renal pelv is and the ureter This explanation lacks full confirma- 
tion, but It seems to be the only one which accounts for the obstruction 
wluch precedes tlie dilatation 

Unilateral hy dro-ureter — megalo ureter — with or witJiout hy dro 
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nephrosis, is sometimes present without demonstrable cause The whole 
ureter is usually dilated except the mtia vesical portion which is normal 
The ureter is elongated and thick walled due to overgrowth of the cir- 
cular muscle coat The condition is believed to be the counterpart of 
megacolon and is probably due to disturbance of the sympathetic 
mner\ation of the distal end of the ureter resulting in exaggerated 
tonicity of the uretero \esical sphincter 

Aberrant Renal Vessels m relation to Hydronephrosis Pressure 
caused by abnormal renal \essels has often been blamed for the onset of 
hydronephrosis At tlie hilum of the kidney the renal artery dn ides 
into three branches — two superior and one inferior The inferior branch 
varies m its point of origin from the mam stem , it may leave the 
parent i essel at any point between the aorta and the hilum of the 
kidnev or it may even come directly fiom the aorta \Vlien the inferior 
1 essel is abnormally situated it is in more mtunate contact with the 
renal pch is or with the ureter, and at its pomt of contact with these 
structures there may be fibrous thickening around the vesseL Hydro 
nephrosis is sometimes found in association with such an abnormal 
vessel, and it is difficult or impossible to say whether the vessel is 
responsible for obstruction or not It seems most likely that the vessel 
is implicated only after the pelvis dilates 

Abnormal Renal Mobility and Hydronephrosis Abnormal mobility 
of the kidney has been suggested 
as a common cause of hj drone 
phtosis on account of the inter 
mittent ureteral obstruction to 
which it may give rise Pjelo 
graphic exaroinatjoii has shown 
however, that hydronephrosis 
seldom develops e\ en in cases 
of long standing abnormal renal 
mobility Experimentally , Tuffier 
was unable to produce hydro 
nephrosis m animals by separating 
the kidney and ureter from their 
attacliments and hydronephrosis 
did not develop, even when the 
ureter was looped upon itself 

Morbid Anatomy 
In the early stages of by drone 
phrosis the capacity of the pelvis 
of the kidney is increased but the 
kidney shows little change bey ond 
dight flattening of the renal 
papilla: The early clianges arc 
r 1 . portrayed m a radiogram after 

njcctionof opaque media, the resulting pydos„,m shows d.latal.oi, of 

the renal peh.s broadenmg of the major e.ljees and loss of the 
cupping of the minor coljccs (see lig 271) 



rio 271 ryelogram of right sided 
nydroneplirosu The pelvis and all 
the calv-ses are greatly dilated Note 
the characfenstic broadening 
clubbing of the calyces 
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As the renal pehis dilates the pelvi ureteral junction may no longer 
be situated at the lowest part of the pelvis, and a vahe like spur maj 
de\ elop between the dependent part of the peh is and the ureter 

The ultimate form assumed by the hj dronephro is depends upon 
the normal relationship of the renal pelvis to the kidney substance 
^^hen most of the renal peKis is situated outside the kidney (e\tra 
renal tj^pe) the peUis, less resistant than the kidnej, dilates from 
increased tension and forms a more or less spherical fibrous sac on 
which rests the remains of the kidney The kidne> atrophies progres 
si\ ely and may finallj be unrecognizable When the pelv is is mostlj 
enveloped by the kidney (renal type) dilatation occurs within the 
kidney and the major and minor caljces gradually enlarge at the 
expense of the kidney substance, which becomes compressed and 
thinned out over their surface, so that a multiloculated sac whicli 
retains the shape of tlie kidne> , is formed Intermediate types may 
occur, dependmg on anatomical variations m the relationship of the 
kidnej to its pel\ is 

As a hydronephrotic kidney increases in size it does so in the direction 
of least resistance, therefore it projects towards the peritoneum which 
forms an im estment for its anterior surface On the right side it tends 
to displace the hepatic flexure downwards and medially but on the left 
side the splenic flexure maintains its attachment to the panetes It is 
ver> exceptional for a hj dronephrosis to exert harmful pressure on tlie 
abdominal organs 

A hj dtonephrosis is said to be open when urme escapes from it 
and “closed’ when the outflow ceases An open hydronephrosis is 
liable to become completely obstructed from time to time This 
ma} be determined by the intake of large draughts of fluid and it 
may give rise to attacks of pain m the loin and enlargement of the 
kidney 

At cjstoscopic examination it is often noted that the hydro 
nephrotic kidney secretes more copiousi) than the hcaUh> one, as is 
evidenced bj more frequent ureteral contractions, but the urine is 
more dilute In more advanced cases the escape of urine may be v ery 
infrequent and v>hen obstruction is absolute ureteral contractions 
cease 'When a ureteral catheter is passed large quantities of urme 
are often withdrawn and on injecting fluid into the renal pelvis its 
capacity may be found to be greatly increased In a large hjdro 
nephrosis the opaque fluid injected for diagnostic purposes may be so 
greatly diluted by the fluid contents of the sac that no shadow may be 
portrav ed radiographically 

A hjdronephrotic kidney on account of its size is more liable to 
injury than a normal one Spontaneous rupture is recorded 

STRICTURE OF THE URETER 

Stenosis of the ureter may be of congenital origin or it maj be an 
acquired condition due to pathological processes affecting its walls 

Congenital stenosis is rclativclj uncommon and autopsy examina 
tion of 1 200 infants by Englisch (m \ iciina) showed that it v\as present 
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Fjc. ST2. Hydrooephrosts and hydro- 
meter due to a fibrous itneture at the 
losrer end of the meter. 
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m 65 cases; the stenosis was 
situated at the upper end of the 
ureter in 34, at the lower end in 23, 
and about the middle of the ureter 
m 3. The stenosis may be due to 
persistence of a valve or fold of 
mucous membrane or to narrowing 
of a segment of the uretCT. Any 
part of the ureter may be affected, 
but the commonest situations for 
such abnormalibes are at the 
upper end, at the entrance to the 
bladder, and at the point at which 
the ureter enters the pel'TS minor. 
The degree of ureteral obstruction 
IS \er\' variable, but in some it is 
sufficient to lead to hydronephrosis. 

Acquired strictures of the 
ureter are verj' rare. Tliey may 
result from cicatrization of an ulcer 
caused by an impacted calculus, 
from injury at operation, and from 
the mhltration of the ureteral wall 
by a malignant tumour of the 
colon or of the female pelvic 
organs. Occasionally ureteral stric- 
tures are found in association with 
long-standing infection of the lower 
urinarj’ tract, especially in associa- 
tion with urethral stricture. Stric- 
tures of the ureter have been 
observed after childbirth (so-called 
puerperal strictures). They are 
commonest on the right side and 
in the pelvic portion of the ureter 
near its termination m the bladder. 
Thq* are believed to result from 
injurj- to the wall of the ureter 
in parturition, with subsequeit 
repair by scar tissue. The h>dro- 
ureter of pregnancj’ predisposes to 
their formation {see p. 61C). 

The ureter at the site of a 
stricture is indurated by scar 
tissue. Usually all coats arc 
involved and the muscle is re- 
placed bj- fibrous tissue. Peri- 
ureteral fibrosis maj fix the 
ureter to the peritoneum. The 
lumen of the ureter at the stricture 
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IS reduced and its epithelium is often of a squamous character The 
ureter above the stricture is dilated and slightly hypertrophied and 
raaj be tortuous Stricture of the ureter tends to cause obstruction of 
urinary outflow and hj dronephrosis, and the stagnation of urine renders 
the kidney more vulnerable to infection especially by Bacillus colt so 
that p> ehtis is a common complication 

Ureterocele Ureterocele or ballooning of the intravesical portion of 
the ureter into the bladder is a rare condition The most important 
predisposing cause is narrowing of the ureteral orifice of either congenital 
or acquired origin The prolapse may lead to interference with renal 
dramage In the advanced stages the ureterocele sac may be \ erj 
large and may cause blockage of the urethra during micturition In 
women it may traverse the urethra and present at the vulva and give 
rise to incontinence 

PYOGENIC INFECTION OF THE KIDNEYS 

The principal pyogenic infections of the kidney of surgical importance 
are (1) Pyelitis, in which tlie inflammation is chiefly restricted to 
the mucous membrane of the renal pelvis (2) Pyelonephritis m which 
the inflammation involves both the renal pelvis and the parenchjma 
of tlie kidney (8) Pyonephrosis m which there is an added factor 
of obstruction to the outflow of urine and (4) Hiematogenous 
suppurative nephritis 

Pyelitis 

This IS a common infection It affects women far more often than 
men and it is especially common as a complication of pregnancy 
affecting especially the right kidney 

Pyelitis may arise acutely and after a short period may undergo 
resolution or it may arise insidiously and pursue a chronic course 
Acute pyelitis is often sudden in onset and mav be accompanied 
by sea ere constitutional disturbance Since the urme is highly acid 
it may give rise to scalding pain on micturition 

The pathological state is not fully understood since for obvious 
reasons the opportunity rarelv offers of examining a kidney m a state 
of simple pyelitis It is presumed however, that there is an inflam 
matory reaction which is mainly evident in the mucous membrane of 
the renal pelv is Probably in oil cases the renal parenchyma shares, to a 
limited extent, m the pathological changes 

Chronic pyelitis may arise insidiously or may occur as a sequel to 
acute pyelitis It is a common condition, and may be responsible for 
much chronic disability associated with pain over the affected kidney 
and frequency of micturition The pathological changes are those of a 
chrome inflammation The mucous membrane of the renal pelvis is 
thickened and somenhat pale m colour, or in some cases it is thin and 
atrophic The muscle coat of the renal pelvis and ureter is atrophic, 
and this change may lead to mild degrees of hy dronephrosis, sometimes 
accompanied by dilatation of the ureter 

In some cases m response to the chronic irritation the mucous 
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membrane of the renal pelm undeisoes proliferative changes and 
assumes a squamous-cell (iaiaclcr — tevXopIaha cj the renal pel'^s 
This change iriuch is distincth rare, has sometimes been found in 
kidne^-s contammg calculi presmnablv the result of the chronic imta 
tion Leukoplalwia of the renal pelvis is regarded b\ some as a prc 
cancerous lesion 

^tiolog> of Pj-ehtis The infectmg organism m pj ehtis is generalli 
a coliform baciDus but the factors that dctermme its localization in the 
renal pelvis are not \ et dcfimtelv established It is well known that 
an apparcntlv healthv Udnev mav aDow organisms to pass from the 
blood stream into the unne and it is established that B eoh is often 
excreted m this wav It «eems probable therefore that m elitis 
the infection is haematogenous and that the determining factor is some 
local lesion which renders the renal pelns imdulv susceptible 
Occasionally there is some obvious local lesion such as a stone or a 
malformation of the kidnei In pregnanc\ pressure upon the right 
ureter bv the enlargmg uterus or hvdro-ureter from other causes 
[see p 61C) mav as a result of urmarv stasis predispose to 
pychtis 

IVhilst the new generallv held is that given above »t must be 
admitted that the organisms are denved trom the colon and reach 
the kidne% b% wa\ of the hinph %*«seU Such a theor% would explain 
the frequency of p\eUtis m women who are cspeciahv Inble to colon 
sepsis and in the right kidnes which t> in close relation to the provimal 
colon 


P>elonephntu 

Here the infection attacks the renal parenchyma as well as the 
mucous membrane of the pelvis The disease mav be unilatenl or 
bilateral depending upon its manner of causation and in either case 
it IS considerably more senous than pjelitis Clinically it is associated 
with a high temperature rigors and great tovasraia and often it leads 
to uramia and ends fatally 

The kidney becomes swollen, engoiged with blood and of a purple 
colour At first, the infiammators change ts most obvious in the mucous 
membrane of the pelvis and calv ces which are intensely hsTienemic and 
cedematous Later small abscesses appear m the parenchyma of tlic 
ijtfnev first near one evtrcmifv of the organ fater in other parts 
Extending from the pelvis to the cortex there are numerous faint 
grevish vellow streaks of suppuration which mark the spread of infec 
tion between the tubules of the medulla towards the capsule Later 
the abscesses increase in size and mav become confluent or open at the 
renal pelvis or the\ mav spread towards the surface of the kidne\ and 
lead to suppuration m the pcnnepliric tissues 

^tiolog) T1 e infecting oiganism^ in pj elouephntis are genemlli 
mixed Coliform bacilli are often present along with stapln lococci 
streptococci and sometimes B jtroleut and ot! er organisms In some 
cases the infection appears to be luematogenous an I its onset ma\ l>e 
determinwl b% pre-existing disease of tic kwlnev for example 1\ 
nephrolithias s or a tumo ir In s ich c rciimstances pselonephntis mu 
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be unilateral, though it is \ery apt to become bjhteral In theinajoritj 
of cases, lim^e\er, the infection is derived from the lower urmarj tract, 
n hence it reaches the kidney, along the ureter or more probably, 
bj way of tlie pen ureteral lymph vessels This ascending t>T3e 
of infection generally follows septic cystitis (consecttiive suppuraitie 
nephrUis), and is especially apt to occur tv hen there is an obstruction 
to the outflow of urine, for example, bj enlargement of the prostate or 
by stricture of the urethra Such an obstruction affects both kidnej s, 
and consequcntlj pj elonepliritis of this ty^ie is generallv bilateral The 
ascending infection is especially apt to follow operations on the bladder 
e\ en the passage of instruments 

Pyonephrosis 

In this condition there is a primary mfection of the kidney and renal 
pel\ is, and, m addition, a partial or complete obstruction to the out 
flow of urme, often due to calculi Pyonephrosis is to be distinguished 
from infection ot a pre existing hjdtonephrosis, though m the later 
stages the two conditions are somewhat similar 

The infection m pyonephrosis is generaU> mixed Coliform bacilli 
usually predominate, and give the pus a characteristic odour, and 
staphylococci, streptococci and B proieus are often present 

The obstructing agent usually is a stone {calculous pyotuphrosis) or 
less often a tumour of the kidney or renal pclvns The stone is often of 
large size, liHmg the renal pelns In other cases a small stone is respon 
sible, by obstructing the ureter or the pelvi ureteral junction Occa 
sionally a stone obstructing one of the major calyces gives rise to 
p) onephrosis limited to one part of the kidney 

As a result of the mfection the mucous membrane of the pelv is and 
calyces becomes inflamed and ulcerated The parenchyma of the 
kidney becomes thinned by pressure and necrosis Such parenchy ma 
as remains is infiltrated by mflaramalory products and often riddled 
with small abscesses The pelvis and calyces ore greatly dilated, and 
contain pus mixed with alkaline, ammoniacal urine Often there are 
secondary phosplmtc concretions 

The renal pelv is is generally dilated, but rarely to tJie same extent as 
in hydronephrosis, for the thick, inflamed wall resists distension 

Usually the obstruction to the outflow from the kidney is not 
complete, and consequently the urme contains quantities of pus and is 
generally foul smelling Complete obstruction may superv ene, Iiowev er 
and then the pyuria becomes less obvious, and coincidently the kidnev 
becomes larger and more tender, and the constitutional effects become 
aggrav ated 


Hsematogenous Suppurabve Nephritis 

In septiciemia and iii py-emm multiple small abscesses may develop 
m the kidney They v ary 'in size from a pin’s head to a cherry Thev 
are usually situated m the renal cortex 

Staphylococcal infection of the kidney is an occasional complication 
of such lesions as furunculosis, carbuncle and osteomyelitis It occurs 
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in adults and is near!} alw-ijs unilateral and in a number of cases, is 
preceded b\ trauma to the kidnej The resultmg lesion ma\ take the 
form of an acute abscess in the cortex, but more often the suppunitne 
process is subacute and is associated with multiple areas of necrosis — 
which if aggregated form the cathunde of ike ktdn^ In the earlv 
stages there are multiple opaque foci in one part of the cortex later 
these maj fuse and gi'e rise to a localized enlargement of the kidnej 
A pcrmepliric abscess results from the outward extension of the suppura 
tue process but eruption mto tlie renal pehis is exceptional 

This form of renal uilection pursues a subacute course it is attended 
bj rigors sweating and pain in the loin, and there mav be considerable 
emaciation Urinary sj-mptoms are general!} absent, and as the 
inflammalorj process begins in the cortex of the Lidnej and remams 
confined to it pus and organisms are not found in the urine A peri 
nephric abscess maj be the most ob\iotis feature and then the renal 
origm of the infection is often overlooked or it is not suspected 

TUBERCULOSIS OF THE URINARY TRACT 
Tuberculous infection of the unnarj tract is a local manifestation 
in a tuberculous subject, the result of a sv stemic infection The pnmarv 
source of infection which raa) be active or quiescent, is either in the 
lung or less often a l}*mph gland Evidence or a histor} of tuberculous 
disease elsewhere is forthcoming m at least 75% of cases and in the 
male sex genital tuberculosis affecting the epidid^Tnis is present with 
considerable frequenev 

The pnmaty lesion m the urinary tract is almost in\ ariabl} situated 
m one kidne} and since there is usually no evidence of h'cmitogenous 
infection in other organs, it is gcnerallj presumed to be due to a sohtarj 
embolus of tubercle bacdh set free m the blood stream It seems 
possible howcv cr that in some cases at least, the renal lesion is due to 
the lighting up of a latent mibarj focus 

Once established in the kidnev , the disease tends to spread through 
out the urinar} tract and eventually, if unchecked, mv olves the ureter, 
the bladder and the remaining kidney The mode of spread of tuber 
culosis m the unnar) tract has been the subject of much speculation 
It seems almost certam that the disease spreads from the kidnej down 
the ureter to the bladder by direct contmuit} of tissue along the raucous 
memhrane and afso in tfie pcri ureteraf fj-mpfi vessels II has been 
suggested that the bladder may be infected bj organisms carried down 
m the urine but this seems unlBwclj The remaming kidncj maj he 
uivohed bj further hiematogenous infection or by infection ascending 
from the bladder Such an ascendmg infection maj be conceived to 
occur bj direct spread along the mucous membrane of the ureter, bj 
wav of the pen ureteral Ij-mphatics or possiblj even as a result of 
regurgitation of infected urine from the contracted bladder In most 
cases it seems likelj that spread by continuitj of tissue is responsible 
Tuberculosis of the Kidney 

Excluding acute miharj lesions renal tuberculosis takes a clirome 
course Although haimatogenous it is almost always confined at first 
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to one kidnej , and probably m about 80 % it remains unilateral for 
se\ eral months or even j ears 

The earliest focus lies m the cortex near one or other extremitj of 
the kidne>, rarely at its mid part By extension and ulceration the 
disease reaches the mucous membrane of a neighbouring calyx whence 
it spreads to other parts of the renal pelvis The renal parenchjTua is 
in\ aded by tubercles 


at first discrete later 
confluent andeventuallj 
the capsule is reached 
Occasionally a cold 
abscess develops in the 
perinephric fat 

It IS important to 
recognize that all the 
earl) changes occur prm 
cipallv within the sub 
stance of the kidney and 
that the disease maj be 
advanced before there 
are notable changes m 
the urine or other patho 
logical c^^dence of sigm 
ficance 

Gross Appearance In 
most cases the kidney is 
widely mvoU ed The 
perinephric fat is 
cedematous matted and 
adherent so that the 
kldne^ IS exposed with 
some difficultj There 
may be tiny tubercles 
under the capsule or the 



surface may be raised ^ Tuberculosis of Uekdie> Thekdne> 

m large nodular pro is greatly enlarged T1 ere are ses eral ca\ t es 

tuberances while the Vad'.”,!.. 

kidney feels indurated caUces are affecled b> tie uiccrat se I ro^s 

or soft and perhaps Nomerous small tubercles are seen m t e ro ex 

fluetaant ” 

On section of tlie J ly Un rr ay 0/E<f 

Srr?h=re:LJtn.otao..d..rete„tpa..bea,.usa^^^^^^ 

advanced near the renal peU«atoneextremit> («e ig . When 

.a usually ulcerated and .U wall replaced bj eranulal.ou tissue \ hen 
the d seasc is ealensivc tl e parctichjma is partly > contain 

which are lined by caseous matter and granulation ^ 

th ek uliite pus EMcndmg towards tlie cortea are jel ow “s w “ 
indicate secondary pathwajai of ealension and scattered throu.liout 
the kidney there may be man> discrete tuberc es 
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The » lU ot the ureter mat be thick, infUtrated with tubercles, and 
fibrotic Its epithelial surface ulcerated and rough The lumen of the 
ureter is sometimes obliterated bx fibrosis, but often is dilated, forming 
a thick walled irregularlj tortuous tube 

Speoal Types of Lesion In tvpical cases the progress of the disease 
IS IS descnbcd above and the lesion ma^ be designated tuberculous 
pyr^onephnUs{suT^s 2-3) Inothercases the progress is modifi^ and 
other tv-pes of lesion ma\ be re- 
cognized If the ureter should 
become corapletelv obstructed 
and the disease is of mild tjpe, 
the pels IS and caljces become 
dilat^ with turbid water\ fluid — 
tuberculous hydronephrosis Some 
times a slow caseous process 
spreads through the entire Udnev , 
which becomes a functionlcss 
muUiloculir sac completeh filled 
willi solid chcess material — luler 
enlous pyonephrosis or caseous 
kidney {see Fig 274) In these 
cases tlie ureter is often occluded 
but since all secreting tissue is 
alreods destroy ed the pels is is not 
dilated but remams small At this 
stage the disease not uncommonij 
becomes arrested, bacQh disappear 
from the unne and the symptoms 
subside Such a sequestrated 
caseous mass often undergoes 
partial calcification, and on radio- 
graph> casts a dense, irregularly 
mottled shadow 

Significance of “Tuberculous 
BadUuna.” It has often been 
observed in the course of pro 
gressive tuberculosis of an\ part 
of the bodv that the urine contains 
tubercle baciIL vet the kidnev, 
subsequenth exammedatautopsv, 
appears unaffected hence it lias 
been inferred that the kidnev mav excrete tubercle bacilli, v et remain 
free from disease The accuraev of this observ ation, howev er, has been 
renderedverv doubtful bv tbecxlensivcresearchesofMedIar,whoshowed 
tliat bv careful search tubercles are alwaj-s to be found m such kidnev s 
though sometimes onlv after prolonged examination of senal sections 
Nevertheless, the fact remams that the presence of baciUi in the 
urme is quite consistent with the absence of anv gross lesion , an 
observation that emphasizes the difficuUv of basing diagnosii solclv 
on unnarj examination 



Flc 2 4 Caseous tuberculosis of tbc 
Lidaev (tuberculous pj-onepbrosis) 
Tie renal pelvis is small sed tbe 
ureter u occluded Tbe cotire 
secretor) tissue is replaced bv large 
cav ities containing caseous matmal 

(IVpiSrfsirtJ c/ e»ryffy Ca nmff tf CJuiImiX t 
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Tuberctilosis of the Bladder 

Usually the bladder is infected from the kidne> and UTeter, less 
often from the seminal ^ esicles or the prostate 

IMien den\ed from the kidnej, the \esical infection begins at the 
corresponding ureteral orifice, and spreads thence oier the trigone, 
and ultimately to the fundus The earliest sign is cedema of the lips of 
the ureteral orifice , m a short time this area becomes congested, and 
later small ulcers appear, which are shallow and hiemorrliagic with 
adherent tags of blood clot and pus, esentuallj tubercles maj be 
recognizable, though this is rare Smce the muscle of the ureteral 
wall IS extensiiely involved it fails to contract dunng the passage of 
urine, and consequently one of tlic carl} signs a isible on cystoscopj is 
the cessation of the normal rhii-hmical contraction and parting of 
the lips of the orifice Later, cicatricial contraction of the ureter 
causes retraction of the corresponding corner of the trigone, and the 
orifice forms a gaping circular pit — the so called golf hole ureter 

As the disease progresses, the bladder wall becomes infiltrated with 
mfiammator} exudate and cells , it becomes thickened contracted and 
inelastic, and its capacity is reduced from the normal of SOO c cm to as 
lou as 50 c cm As a secondary effect, a certain degree of “ back pres 
sure " may develop, and maj lead to h>dronephrosis This comphea 
tion affecting the function of the second kidnej, is naturally of serious 
import 


TUMOURS OF THE KIDNEY 

Malignant tumours of the kidney belong to two principal classes 
(1) the ndenocaremoma or hypernephroma a tumour affecting adults 
and arising in the renal parenchjTna (2) the adenosarcoma (mixed 
or cmbrjonic tumour) of infants and >oung cliildren 

Tumours arise also from the epithelial lining of the renal pehis 
{see p 632) 

Adenocaremoma , Hypernephroma 

Practicallj all malignant epithelial tumours arising in the renal 
parenchjmia conform closel> to one general tspe of striking appearance 
characteristic morphologj, and uniform behaaiour Thc\ arc bulkj 
irrcgularlj lobulated tumours, which maa be firm solid and of grej 
or jellow colour, but often undergo softening cast formation and 
discoloration b\ extras asated blood Thc^ maade the kidnej substance 
gradually and show a great tendencj to metastasize bj the blood 
stream 

In the past attempts hare been made to distinguish m this group 
two aarieties — hypemephronui, of adrenal origin and adetiocarcinomo 
derned from the tubules of the kidnej The distinction has 
been made principalh upon histological grounds according as tin 
tumour resembles the adrenal cortex or contains tubules and papillfc 
more suggests e of a renal origin It seems probable, Jioweacr, that this 
distinction has little foundation and should be discarded I ariations 
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imperfect capsule of condensed ren&I tissue, and broad fibrous trabe- 
cute subdivide it into numerous lobules. Near its centre the tumour 
is often solid, of firm consistence and bright yellow colour. Around this 
central core the tumour is partly solid, partly excavated by cyst-like 
spaces, some of which are bright yellow, whilst others are discoloured 
to various shades of orange and red. 

Microscopic Appearance. Thfe varies somewhat in different tumours 
and in different parts of the same tumour, but the general picture is a 
fairly characteristic one. The cells superficially resemble those of the 
adrenal cortex, being cuboidal or columnar, though often modified in 
shape by mutual pressure. Their nuclei are small, rounded and deeply 
stained; their cytoplasm is abundant and either clear or slightly 
granular. In the fresh state, before being subjected to fat solvents, the 
cells are filled \\ith a soluble material containing glycogen, cholesterol, 
and fats. They are disposed in sheets or m long columns, or in solid 
masses, bounded by delicate trabeculae or connective tissue. The 
columns of cells are intimately related to blood vessels, which are large 
and thin-walled. Generally, the cellular masses are solid, with no 
visible acini, but sometimes there are irregular spaces, tubular clefts 
or papillary formations. 

Spread of the Tumour. The tumour progresses slouly at first, 
but finally it encroaclies upon the calyces of the renal pelvis, and 
leads to luematuna. The quantity of blood lost is often consider- 
able and clots may 
form in the renal 
pelvis, causing colicky 
pains during their 
descent within the 
ureter. 

Tumours of tiie 
kidney have a remark- 
able tendency to 
spread along the 
lumen of the renal 
vein, winch is some- 
times choked by 
tiua^r a!hd 

the growth may ex- 
tend by continuity, 
even into the heart 
and lungs. Hardy a 
mass in the left renal 
vein obstructs the 
testicular vein and 
leads to a certain de- 
gree of varicocele and 
to pain in the testis. 

Distant metastases 
develop most often in the limgs and m bones. Pain in the chest or 
Incmoptysis, or a pathological fracture due to a bone metastasis, may 



Fio 276 Adenocarcinoma (hypernepliroma) of the 
kidney. X 110 The tumour is composed of solid 
masses of cells, with smalt, deeply staining nuclei 
and abun<btnt clear protoplasm. Note the targe 
thin-walled blood space. 

(HotorotorV e/ neyal CMegt e/ rhyttaant of ediniurgK) 
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be tlie first indication of the malignant process Not iiifrequciitlv a 
single metastasis appears at a modcratel} carlv stage of the disease 
some lime before general dissemination occurs 

Nature of the Tumour The nature of the tumour has been a much 
debated subject Lntilcomparatnclj recent \ ears tlie field has been held 
b} the theors of son Grawilz who considered tlial the tumour is 
of adrenal origin — a hspemepbroma — and that Jt arises from displaced 
portions of adrenal tissue within the substance of the kidnes This 
tlieorj IS based upon two principal considerations (1) that “rests” 
of adrenal tissue are present sometimes under the capsule or in the 
cortex of the kidnej (2) that tumours of this t\pe closclj resemble 
adrenal tissue m their gross appearance m their architecture and in 
the characteristics of their indindua! cells 

^ on Grawitz s theor\ has been assailed on numerous occasions, ami 
Nicholson inamasterlj re\ icw of the whole subject, brought cons incing 
cMdence against it wluch ma\ be summarized as follows (1) adrenal 
rests are not confined to the kidners, but occur often m the broad 
ligaments, m the retroperitoneal tissues and elsewhere, whereas 
hjTiernephromala are almost ms anabl> intrarenal, (2) the architcc 
ture of these tumours is no indication of their origin but results from 
the mutual pressure of swollen h> dropic cells , (S) the mdt> idual cells 
— with their content of gljcogcn and fat — though%cr% like adrenal cells 
are not unlike cells in other situations, (4) true tumours of adrenal 
cortex arising in the 
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odrenal gland, almost 
alwa>s base a xerv 
ob\ lous effect upon the 
secoadar} sexual 
cliaractcnstics and lead 
to sexual precocitj with 
virilisra whereasnosuch 
biological action has 
been observed in 
association with such a 
tumour m the kidnej 
As a compromise 
between these opposing 
\news, manv attempts 
lLa\e been made to 
identify different tj^pes 
of tumour, some of 


adrenal others of renal 


Fio 2“ Adenocarcinoma (1 vpeniepl iDcna) of 
tile kidney X ‘l^O Tbe tumour is cooiposed of 
solid masses of large rounded cells with small 
nuclei and \er} clear protoplasm. On tbe left is 
a tiiio walled blood s essel 

(iQiafeierf »/ Pcytl CaBtgt oj Ph^nt^mt tfEiutbutili 


ongm but such a sub 
diMsion as lias alreadv 
been pointed out, is 
beset b\ mans difil 
cultics and has not been 


widelj adopted Atprr- 
iiates to rai opuuon favours the view eigiressed b> Nicholson that the 
b\ compi an adenocaremoma densed from cells of the renal tubules 
ealvees x 
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Renal Adenosarcoma (Nephroblastoma) 

This rare tumoxir occurs m childhood, practically never after the 
sev enth j ear It forms a rounded or nodular mass, which ma> attain 
great size, replacing the entire kidne>, displacing the viscera and 
expanding the whole abdomen 

The tumour arises in the substance of the kidney and is of bluish- 
vvhite or pale grey colour The blood supplj is poor, with scantj 
thin walled vessels, and consequently the tumour is liable to undergo 
necrosis with h'emorrhages, zones of softening, and the formation of 
cj st like cav ities 

The tumour is not cncapsuled, and it invades the renal paren 
ch} mi and dcstrov 5 it, so that in the later stages little trace of normal 
tubules ma> remain The ureter when traced upwards, merges into 
the tumour mass The renal pelv is is compressed and obliterated but 
its cavntj is not actuailj invaded, and consequcntlj hasmaturia and 
other evidence of a unnarj disorder are frequently lacking 

The tumour spreads bj direct invasion of adjacent structures to 
the peritoneum, omentum, and retroperitoneal tissues Occasionally 
secondary deposits appear in the opposite kidnev, jn the lungs or 
other viscera 

The microscopic structure is that of a mixed tumour m which 
sarcomatous elements preponderate The greater part of tiic tumour 
IS made up of round 
or spindle shapevl cells, 
lying in a scantv 
delicate matrix, but in 
places there are gland 
like collections of 
columnar or cubical 
cells arranged in ir 
regular acini, and oc 
casionallv there arc 
islands of cartilage and 
of plain muscle fibres 

The origin of the 
tumour IS not clear 
It isgcneral)> accepted 
that tlie tumour is 
derived entirely from 
mesoderm, from some 
misplaced embrjomc 
rudiment Some 
aiithontJcs have as 
enbed it to V estigcs of 
the mesonephros or of 
the metanephros, but 
its structure suggests an even earlier origin Accottliiig to Wilms, it 
IS derived from misplaced portions of a mjotonic, or primitive ImmIv 
segment, which normallv gives rise to n whole cxcrctorv apparatus 



Flo 2*8 NephroWisloma x 130 Colummr rell 
acini are set in n stroma of spindle relit 
(iJw st IVw/ J Vi S Uatlloci) 
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{see p 022) In about 50 % of the cases on record the carcinoma has 
arisen as a complication of renal calculus 


TUMOURS OF THE URETER 

Primary tumours of the ureter are exceptionally rare In general 
they resemble the epithelial tumours of the renal peh is, and papilloma 
papillarj carcinoma and epidermoid carcinoma are recognized They 
may be responsible for intermittent or persistent hiematuria and may 
lead to hydronephrosis 

Secondary tumours of the ureter are more common TJie ureter is 
imaded frequently by tumours of the cervix uteri, colon, bladder or 
prostate, or by metastatic growths in the retroperitoneal or pelvic 
lymph glands Occasionally tlie ureter becomes the seat of secondary 
groivths from tumours of the renal pelv is 


URINARY CALCULUS 

This IS an age old disease, and its history goes back to the earliest 
periods of ciMlization Urmary stones were Jjiown to the ancient 
Egyptians, and have been found m mummies several thousand years 
old, and the operation of “cutting for stone” was practised several 
centuries before the Christian era It would appear that at present the 
incidence of stone m the bladder is steadily decreasing, and m Britain 
this condition is mucli less prevalent now than during last century 
The frequency of stone m the kidney and ureter, on the other liand, has 
shown an apparent increase, which is doubtless accounted for by 
improved methods of diagnosis 

Jlode of Formation of Calculi The urine contains a number of 
cry stallme substances, wh ch are lield in heavilv supersaturated solution 
through the protective action of colloids, such ns mucin and chondroitm 
sulphuric acid Under certain circumstances the crystalloids are 
precipitated, and if at the same lime the colloids become modified 
losing tbeir solvent action and acquiring a kind of adhesive propertv , 
the precipitated crystals are hound together to form stones 

Thus it may be stated as a general principle that urmary stones are 
composed of crystalloid particles bound, together by colloids The two 
elements, crystalloid and colloid, are equally essentia], for crystalloids 
alone, wlien precipitated, pass freely to the exterior, and for calculus 
formation the adhesive properties of colloids are required 

It IS believ ed that in renal stone formation the process begins within 
the kidney substance According to Randall a ‘ primary renal stone 
(i e , one for which no predisposmg factors are demonstrated) is formed 
by the deposition of urinary crystals on a plaque of calcium deposited 
within the substance of a renal papilla, while “secondary ” stones 
(those with a recognized predisposing factor, e g , hyperparathyroidism) 
originate as deposits within the collecting tubules 

Predisposing Factors Increase m the urinary calcium output is 
one of the most important of the known predisposmg factors It may 
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be due to excessive uitaVe in the diet (o- to a low phosnhonis in*ake) 
and this nia> be one of U>e factor^ detenmnnj U “ geog-aph-cal 
incideEce to increased alxsrptioi of calcium bv the intestines under 
th» influence of excessn-e adnunisbation of \ ilamin D or to skeletal 
decalciCcation horn p-olong^ decubi’ts or in parathiTOKi osteitis or 
other bone-rarefimg di'<a<e& 

Infec‘ion of the uire is a icell-estayished p’cdi"pos ”’5 facto’" in 
rela*K>a to certain tvpc:s of stones par*icularh phosphatic stones. 
The infecting a'wnts include urea splitting o*<~ir sms such as 
staphvlococeus aureus and also B p»o*eus and others Infection mas 
lead to sto''e piecip tation b\ al*enn‘» the *^>lub3It\ of calcium in tl c 
iinne and possibli alvo as Hewitt has <1 own to occur in cultures on 
calcium nch agar medium, b\ the fomat*on of bac'enal calculi in 
which the organisms are adsorbed in an morgaaie matrix due to the 
comb nation of calcium absorbed on the bacteria with amironium 
carbonate resulting from the bacterial nitrogerous iretaboltsm 

Stasis of unne is recognized as a facto” p”cdi«po<uig to stones 
which are thus common m th“ bladder behind an enlarged prostate 
or a urethral str^rture or m malfomiations such as a horte-shoe kidnev 
High concentration of the unre due to e x cessive sweating mas be 
one of the factora respoasib’e for tb» high iacid*cce of stores la trop'cal 
eountnes 

\ itanua -k defie eaev has been sV>wn b\ kIfCam<OD to gis-e r<e to 
stone formation tn experuneatal animal and mas be a factor of 
imperlarce in countitra where the di*t inadequate to respect of thus 
substance It pmbablv acts parth bs dinunisiung the res stance to 
infection and p&rtlr bs icdwcing keratinimtion o' th» unaars 
ep theham 

Finallv the citrate content of the ume has reccntls been claimed 
to hasre «om” importance in view of its furction as a solvent of calcium. 
The amount of citrate excreted ran^s with the output of calcium, 
owmg to th"ir close relatjonshio ui osseon* ti'su* Th*“ unnars c:tra*e 
also vanes with the hvdrog“n-»oa coacentratxm, being hi-bcr in alxaline 
than add enre and it varcs at diflemit phases of the menstrual cvel«* 
being rai«ed bs cestrogens Tbc s gniflcance of these vanatwnk ik not 
s-et conqiVtelv underatood. 


Ts-pes of Cakuli 

It Ik necessajv to datinginsh two pTacipal vanet’es, p-imarv and 
sccondarv stones. Pnsiery tionn are those tha* arise in an spparentiv 
heal Jiv unnarv tiac* and that are composed of substances present in 
the imne normallv o m a >0531* o' m-tabohe dikO-ders. Prunarv 
s»ones occur in acid unn- Ihev require no prtfo-med nuclei, bat appear 
to arise feom the slow prec’p’tatson of crvstaLo'ds in a colloid 
Pnmarvs*ones are csnallv cemposed of oxalates orofunc acid, rarelv 

of evstm. Setc-jLrry tUnn are those that result from mfiammatioa — 
bac*enal or asephe— and t2»rr fcwaatioa teqaues a prefomed nnefeus. 
which mav be a pnmarv stone a bodr, a damp o' o-ganisms, or 

a mass of nP .3 Tr . m a*CT exnda»e *=mce t»4ir devdopirent dep^«»s 



UEINART CALCULUS 


637 


upon tlic liberation of ammonia from urea, they are found m alkaline 
urine Secondary stones are almost inv anablj composed of ammonium 
magnesium phosphate (triple phosphate) 

Oxalate Calculi Calcium oxalate is a normal constituent of the 
urine, approximately 15 to 20mgm being excreted daily in health It is 
deni ed principally from the food, and after the ingestion of foods rich 
in oxalates it may be precipitated from the urine m crjstalline form 
Of the foods rich in oxalates the most common are rhubarb, spinach 
and asparagus , strauhernes arcof ill repute in this respect, but without 
reason, for their oxalate content is less than that of potatoes The 
absorption of oxalates from food depends to some extent upon the gastric 
acidity, and patients who suffer from hyperchlorhydna are especially 
prone to oxahiria 

Oxajitc calculi are extremely hard They may be smooth and 
rounded, or nodular like mulberries Often tbey are of irregular shape 
and coxered with sharp spicules These physical characteristics modify 
the course and effects of oxalate calculi The stones arise in the renal 
pell IS or cal> ccs and like other small stones similarly placed they are 
liable to be propelled down the ureter, but uhereas stones of other 
composition usually pass rapidly into the bladder the rough surfaced 
oxalate stones frequentlj become impacted in the ureter In any 
position they irritate the mucous membrane and excite an out 
pouring of IjTnph and blood which renders them black or dark 
brown The irritation is apt to lead to infection or to degeneratiie 
changes m the kidney , and the outpouring of lymph or mllamma 
torj exudate favours secondary deposition of layers of phosphatic 
matenal 

Calculi of Uric Acid and Urates Almost 1 mgm of urie acid is 
excreted daily m the urine It is partly of exogenous origin, from 
meat and other foods and partly endogenous from the breaking 
down of tissues In the loner amma! kingdom and in birds and 
reptiles, uric acid forms the chief vehicle for excretion of nitrogen, 
but in higher animals and m man tins function is assumed principally 
by urea 

Stones of uric acid and urates may arise in the renaf pefvis or the 
bladder They are hard but smooth yellow or brown in colour, and 
usually rounded or oval They may attain large size, and if situated 
m the renal pelv is may become moulded to the shape of that eav ity 
Stones arc rarely composed of uric acid alone , commonly there is an 
admLxture of urates, and not infrequently there are traces of calcium 
oxalate Occasionally in children stones are composed chiefly of 
ammonium urate , they are yellow, soft and friable 

Cystm Calculi Cystm calculi, though uncommon, me of especial 
interest from their close relationship to a metabolic disorder Cystm 
is an amino acid with a high sul^iur content, in normal subjects 
the sulphur is oxidized completely and is excreted as sulphates but m a 
small proportion of persons some " inborn error of metabolism ” causes 
the cy stin to appear in the urme undianged In the urine it is deposited 
as flat, colourless hexagonal crystals easily recognized on micro 
seopic e\&mination After the urine has stood for some time the sul 
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phur mav become combined as hydrogen sulphide, and this is recog 
nizable bj its smell 

Csstinuna is usual!} a familial disorder and mo} be present 
tliroughout life Onlv a small proportion about 2% of the subjects of 
rvstinuTia develop stones but m this small rmnonb. the tendenci 
IS \er\ great The stones often appear ui childhood and are multiple 
and after their removal b) operation others tend to form Tlie\ are 
modcriteh hard with smooth surface andofjellow wax} appearance 
On exposure to light and air the\ gradualU darken to an olive green 
colour Ci'stin stones usual!} form in the renal pelns and calsces, and 
when small the} readil} pass down the ureter to the bladder 

Phosphatic Calcub Norma! unne contains phosphates denied 
from the breaking down of tissues neb in phosphorus and to a less 
extent from absorption m food , but phosphatic stones are not com 
posed of these substances but of tnple phospliate (ammonium 
magnesium phosphate) of which onlr a trace is normally present 
The com ersion of the phosphates present in health into triple phosphates 
depends upon the Ubcration of ammonium carbonate from urea and ns 
this process is often due to the decomposition of urea bv micro* 
otgamsms it foUovrs that phosphatic stones arc frequcntls the result of 
a urmarv infection 

Phosphatic stones are gre% or of a dirt\ irlute colour and tna} be 
modemteh hard or soft nnd friable they are always deposited around 
some preformed nucleus such as a pnmar} oxalate or urate stone 
or 1 foreign bod} often then attain large size nnd the} form the 
majontN of stng horn and other la^e irregular calculi in the 
kidnens ureter or bladder 3loreover since the} often arise from 
staphylococcal or streptococcal infections that resist treatment recur- 
rence after operation is common The second kidne} also ma} become 
affected 

Rare Constituents of Stones Xanthin like c} stm is a product of 
abnormal metabolism but stones containing more than a trace of 
xanthin are excessn ely tare Calcium carbonate often lakes part m the 
formation of phosphatic calculi and may rarel} be the predominant 
constituent of a stone Indigo derived from tndol is occasional]} 
found and if present in quantity it may impart its colour to the 
stone So caUetl stones small putty like masses found in grossly 
infected, kulneya aiiysA C*?mp. *}}a hte/wi t’fiA. -oi ^Ti 

inflammatory exudate Rarely baetena form the pnncqial constituents 
of small soft concretions 


Stones ut the Kidne} 

The majority of urinary stones are formed in the kidney The} are 
usually single less commonl} multiple and arc formed in tie calvces 
or m the renal pelvis ncyer m the parencIi}Tna Usuall} the} he 
m the lower major calvx and ma} remam there tlirough life or the} 
may tray el to tl e ureter and the bladder Tlie stones ma} retain 
their purity , b it often from irritation and inflammatory change the} 
become coaled wilJi phosphates At first a renal calculus is rounded or 
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o\al, but in its gronth it maj become moulded to the shape of a cilj’X 
or a portion of tlie renal poI\ is , phospfiatic stones often form a complete 
cast of the peh is and calyces — the so called stag horn stone 

iinj renal calculus, but especially one associated oritli obstruction 
to the flow of urine, maj lead to gross pathological changes m the 
kidncj — interstitial fibrosis, hydronephrosis, pyelonephritis and pyo 
nephrosis Of mfectne complications those from staphylococci and 
streptococci are the most dangerous, for these are urea spliitmg 
organisms which render the urine alkaline and lead to extensive 
phosphatic precipitation Not infrequently also the organisms tend 
to infect the other kidney and to produce similar changes there 

Stones in (he Ureter 

Stones in the ureter aUravs originate as renal stones which have been 
arrested during descent, anti they arc usually oxalate stones which, 
from their irregular shape, are particularly liable to become impacted 
Impaction usually occurs it one of the sites of norma! narrowing near 
the entrance to the bladder, at the crossing of the iliac v essels or at 
the pel\ i ureteral junction (in that order of frequency) When 
impacted, a stone ulcerates the mucosa, so that it may lead to subse 
quent fibrosis Sometimes the ulcer deepens so that the stone comes 
to lie in a pocket in the periureteral tissues, and no longer obstructs Uie 
flow of urine At first a ureteral stone maintains its original shape and 
composition, but it rapidlv becomes encrusted with phosphates, and it 
then becomes elongated, conforming to the shape of the ureter 

Sometimes tlie ureter is completely obstructed but usualh a 
ceitam amount of urine can reach the bladder , in either case the ureter 
abov e dilates and by dronepbrosis dev clops If the obstruction is not 
soon relieved the renal parenchyma becomes thinned out, fibrous and 
functionless Experimentally, it is found that the kidnev will not 
recover after a complete obstruction of longer than two or three weeks, 
particularly is this so if the other kidney is able to compensate for the 
loss , but if the second kidney is diseased the first may recov er to 
some extent (renal counterbalance) 

If a stone lies in the ureter without causing much obstruction there 
may sometimes be an increased flow of urine from that side, possibly 
from reflex stimulation or more probably from chronic interstitial 
change in the kidney A ureteral stone causes colicky pains during 
its descent, and dull pains in the loin from ov er distension of the renal 
pelvis it may give rise also to local pain in the lower quadrant of 
the abdomen, and on the right side tins w ith reflex boarding of the 
muscles may simulate appendicitis Frequency of micturition may be 
present, from irritation of the ureter and consequent reflex stimulation 

Stones m the Bladder 

Stones may originate in the bladder or they mav reach it from tlie 
kidney As in the kidney , stones originating in tlie bladder may be 
of primary or secondary type Primary stones may form in a perfectly 
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health} bladder, but arc rather more common ^vhe^e there is some 
obstruction to the passage of urine from prostatic enlargement or 
other cause Secondary stones nre mucli more common especiall} 
when c}stitis is present They are composed principally of triple 
phospliates deposited upon t nucleus such as a primar} stone 
or a mass of inflammator} exudate In rare instances the nucleus is 
formed b} objects introduced along the urethra and hairpins lead 

pencils or even portions 
of catheters have been 
responsible Similarlv 
ligatures of catgut or 
silk, ma} Iw responsible 
>1 o t inCrequentlv 
large stones resulting 
from secondary deposi 
tion. on a primarj cal 
cuius are laminated and 
layers principally com 
posed of phosphates 
alternate with those 
of other substances A 
classical example was 
the stone of Isapolcon 
III wl icb consisted of 
lamms of uric acid 
aUcTnating with phos 
phates At tliat tunc 
all stones were thought 
to arise from disordered 
metabolism and the 
alternation of lamina: 
was believed to follow 
changes m the amount 
of punn bodies or of 
phcFsphates consumed nt 
dillerent times , the 
layers of uric acid were 
attributed to the ample 
d etary of tlie Paris season and the phospbatic deposits to the waters 
of ^ ichy consumed during the annual cure A more probable 
explanation however though less picturesque is that the phospbatic 
laminx w ere attributable to recurrmg exacerbations of cy stitis 



Stones in the Urethra 

Stones in the urethra are usually migialory stones that bav e passed 
from the kidney or bladder they lodge in the urethra near one 
of the sites of normal narrowing either m the prostatic urethra or 
close to the external meatus when impacted they become coated 
with phosphates and assume an elongated shape Occasionally stones 
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ongmitc m tlit xircthra, but only in tlie presence of n stricture 
and infection Tliej obstruct tJw flow of urine and lead to bdaten! 
bj (Ironephrosib, often uitli infection 
Sometimes tlic stone ulcerates 
tJirougb tile urctliral mucosa and 
comes to lie m a slnllow dn crticuliim 
and it may lead to c\tra\osatioii 
of urine and to a fistula Occasionally 
a stone iinpscted m tlie female 
urethra may ulcerate into the 
aagina, and may remain there for 
many ycirs Such a stone (the 
so called saguml stone) may attain 
considerable size from the accretion 
of phosphates, and may assume an 
elongated shape A radiogram may 
demonstrate a central laminated 
portion, the source of the stone 

ANURIA 

Anuria— the arrest of secretion 
of urine— may occur m many 
different circumstances, and, accord 
mg to the nature of the conditions 
causing it, three types are recognized 
(1) pre renal, (2) renal, and (8) post 
renal. 

(1) iVc renal a/iuna is usually 
due to circulatory changes that 
interfere with filtration of fluids from 
tlie blood as it passes through the 
glomeruli The blood pressure m 
tlie glomerular \essels is normally 
about 90 mm of mercuiy, and if 
tlie general arterial pressuie falls far 
below this level renal secretion ceases 
state associated with sustained reduction of blood pressure, for e\ample, 
in severe shock, or m anhydnemta from excessiie loss of fluids by the 
skin or bowel It may occur after spinal anccsthesia, and in this case 
the anuria is transient and passes off when tlie blood pressure is restored 
to normal 

(2) Renal anuna is due to destructive changes in the secretory 
epithelium of the kidney. It occurs m most typical form in acute 
nephritis, m poisoning by phosphorus or by corrosive sublimate, which 
cause necrosis of the kidney, or in eclampsia and acute yellow atrophy 
of the liver 

A somew hat similar form of anuria may occur from the precipitation 
of sulphonamide drugs if the urme is unduly concentrated , it is deposited 
m crystalline form in the renal tubules or the ureters 



1 to ^81 Miilliptc rcnil cnlctili 
con)[>o$r(l of uric ncid and urates 
TJie stones lie in the reml pelvis 
and Uic lower culjccs and have 
Riven rise to nn extreme degree of 
hydronephrosis of the intra renal 
type Note that some of thestones 
ore fuceted by mutual pressure 
{DtpartmtnloJ Surtfrf VMnrntfcJ 
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Pre renal anuna arises m any 
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Anuria of renal origin mi> also be associated with acute bacterial 
infections of the kiane% sand m such cases prc-existing disease of the 
kldn“^s predisposes to its oc-urrcn'*e Anuna ina> also o-cur reflexK 
after sudden eracuation of unne from a distended bladder in subjects 
of clironic enlargement of the prostate In such cases the anuria is 
believed to be due to sudden engorgement of the vessels of the 
kidnej In rare instances anuna may follow upon blood transfusion 
and IS lh“n due to precipitation of lismatin from haimoglobin in the 
renal tubules Usually the unn'^ has been of high acidity and salt 
concentration Overheating of the transfused blood would seem to be 
an important exciting factor 

(3) Post renal or obstructi e anuna is the most important variety 
from the surgical standpoint The obstruction may be due to calculi 
new growths accidental ligation of the ureter or inllammatorv swelling 
of the mucous membrane of the renal pehis or of the ureter For its 
development the obstruction must be bilateral or as is commonlv 
the case must involve tlie only functioning kidney It is thought 
that in some instances when one kidnev is obstructed the opposite 
kidnev ceases to secrete tlirough reflex nervous inhibition (reno renal 
reflex) 

Calculous anuna may o'cur under mans different circumstances 
which are often determined bv the antecedent condition of the kidneys 
and the ureters Swift Joly recognizes four mam tvpcs (1) obstruc 
tion of both kidn ys or of lioth ureters (2) obstruction of the only 
fun tionmg kidney (S) obstruction of one kidney » its fellow being 
dis osed and (4) obstruction of one kidney its fellow being apparentlv 
h-altliy Clinically the Grst and second tvpcs are sometimes mdis 
tinguishablc 

Siaiultan>oiis bilat-ral obstruction of the kidneys or the ureters is 
usuallv due to calculi The calcuL are often small and are generally 
impacted m the upp*r part of the ureter The presence of a large 
calnilus in one kidney and of a small one in the opposite ureter is 
usuallv an indication that the small stone lias recently migrated and 
obstruct'd the ureter 

Obstruction of the only functioning kidney mav occur in either of 
two sets of circumstances (1) with a congenital absence of one kidney 
('*) when one kidney has been prev lously removed or lias been destroved 
by diseases such as tuberculosis or pyonephrosis Obstruction of one 
kidney with contralateral disease is one of the commonest types of 
calculous anuna Tlie unobstructed kidnev is usuallv the seat eitl er of 
infection or of chrome interstitial nqihnlis 

Obstruction of one kidney its fellow bemg apparently 1 calthy rareh 
gives rise to complete anuria The anuna is usually temporarv and 
IS believetl to be due to reflex suppression of unne on the healtl y 
side It IS generally believed that fatal anuria follows umlateml 
obstruction only when tlie other kidney is diseased 

In calculous anuna wl en the kidnev is exposed at operation it is 
found to be enlarged congest^ and plum-coloured and the surrounding 
tissues are cedematous The renal pelvis may be distended witli unne, 
but sometimes it is almost erap^ 
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EXTROVERSION OF THE BLADDER (Ectopia Vesioe) 

In this congenital malfonnation there is a defect m the lower part 
of the anterior abdominal wall and m the anterior wall of the bladder, 
and through the defect the posterior wall of the bladder appears at 
the surface The condition is belie\ed to arise from failure of the 
forward growth of the anterior part of the cloacal membrane 

The defect is o^al or rounded and lies m the mid line below the 
umbilicus The posterior bladder wall is projected forwards by the 
pressure of tlie \ iscera behind and forms a bulging sn elhng of deep 
reil colour, separated peripherally from the skm of the abdominal wall 
by a ring of fibrous tissue Usually the umbilicus is displaced doivn 
^\ards and it ma\ be imoUed m the scar tissue and obscured bj 
encrustations 

The ureters ascend from the pelvic floor and open at the surface 
near the lower nm of the protrusion, and jets of urine may be observ ed 
to issue at inten als The constant leakage of urme at the surface forms 
the most distressing feature of the condition Often from infection or 
from the irritation of clothes or dressings the exposed bladder surface 
becomes inflamed and it may be raised in oedema tous folds and ulcerated 
Carcinoma occasional!) supenenes, it is usually an adenocarcinoma 
arising m mucous membrane, the seat of c>'slitis c>stica 

Exstrophy of the bladder is generally associated witli other mal 
developments of the panetes and the lower urinary tract Usually the 
s)mph)sis pubis is absent, and the pubic bones, winch ma) be several 
centimetres apart, are united by a thick fibrous band The wide 
separation of the pubes sometimes leads to a waddling gait like that 
associated with congenital dislocation of the hips 

The exstrophy is accompamcil bj epispadias, and m the male, 
the sex commonly afTccled, the penis is dm^vn up and fixed to the 
abdommal v^all Often the testes are ectopic and the scrotum may be 
ill de\ elopetl The prostate and v csiclcs ma) be absent or atrophic 
In the female there may be maldeaelopments of the uterus and vagina 


CONGENITAL OBSTRUCTION AT THE VESICAL OUTLET 
(Congenital Vesical Sphinctenc Stenosis) 

In this condition, which is confined to bo>s, there is from birth 
difliculty m emptjmg the bladder Tlierc is difficult) in starting the 
act of micturition and the stream lacks force and v olume, and frequenev 
of micturition and dribbling are usually present 

In the earl) stages the bladder is small and thick-walled from 
hj'pertrophy of its muscular coat, but at a later stage it becomes dilated 
so as to form an obvious swelling in the abdomen The neck of the 
bladder and the upper part of llie prostatic urethra are dilated to form 
a funnel like prolongation from the base of the bladder, and m man) 
instances a fold of mucous membrane projects into the lumen of the 
urethra from the region of the aerumontanum, or less commonly from 
the anterior margin of the neck of the bladder 
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It IS characteristic of tins form of urinary obstruction that no 
difficult} IS usuallj experienced m passing an instrument into the 
bladder 

If the disease is not treated the ureters dilate and hj droncphrosis 
develops The ureters nia\ be so grcatl} dilated as to be felt through 
the abdominal wall Tlie ureteral dilatation depends upon a loss of 
normal s alvular action at the urclero vesical orifice, and this can lie 
readily demonstrated in radiograms after filling the bladder Tvith an 
opaque fluid when it is noted that the fluid regurgitates into the 
ureters which appear as tortuous channels witli a lumen that ma\ be as 
great as that of the small mtestine Death usuallj occurs before the 
age of ten j ears from urrmia often accelerated bj extension of infection 
from the bladder 

Tile aetiology ofthis form of urinary obstruction isnotfinallj settled 
Hugh loung attributed the obstruction to the \ahe like action of folds 
of mucous membrane in the prostatic urethra, and he claims to be 
able to demonstrate such folds bj csstoscopic examination In his 
experience destruction of the folds is sufficient to relics e the obstruction 
Other observers have not been able to demonstrate obstructing sal 
Tular folds with such constancy Certainly at post mortem examma 
tion in a number of cases no mechanical obstruction has been found, 
and their absence has led to the belief that the obstruction is, in some 
cases at least of a functional character and due to an inherent defect 
of the neuro*muscular mechanism concerned in micturition 


DISEASES OF THE URACHUS 

The urachus or allantoic canal develops witli the bladder from the 
ventral part of the cloaca and is about 5 to 6 cm m length In 
embryonic life it forms a patent channel extending from the apex of 
the bladder into the umbilical canal In later life it is united with the 
obliterated umbilical arteries to form the ligamentum commune which 
extends to the umbilicus Below it passes into the muscular coats of the 
bladder Jiormalh the urachus lias a fine lumen which, in about SOper 
cent of subjects is contmuous for a short distance with that of the 
bladder 

De\elopmental Abnormalities These are extremelj rare and 
unimportant In some instances the urachus docs not dc^elop, and 
then the apex of the bladder is foimd at the umbiLcus, where it maj 
form an external fistula 4 arying degrees of non descent of the bladder 
and consequent unperfcct development of the urachus maj occur, and 
thej may be associated with retarded closure of the bladder and with 
external fistula: 

Cjsts and Tumours of the Urachus Small sacculations maj occur 
in the lower part of the urachus , thes are due to distension bj secretion 
of the normal epithelium lined spaces In some instances a uraclial cj-st 
IS due to degeneration of a small adenoma of the epithelium of the 
urachus 

Simple luwours such as adenoma fibro adenoma and fibro-myxomi 
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ha^e been described but thej are exceptionallj rare A sarcoma ma> 
arise from the fibrous im estments of the urachus, but it also is rare 
A carcinoma may arise from the epithelial remains It tobes otigm 
at the apex of the bladder, which nia> be miadcd bj it, but it tends 
to spread widely m the cxtrapentoneal tissues before the bladder is 
extensnclj iniolved A caremoma of urachal origin is usually of 
columnar cell type, and often shows colloid degeneration 


DIVERTICULA OF THE BLADDER 

A diverticulum of the bladder may be congenital, but the majority 
develop in adult life, especially in men over fifty years They may be 
single or multiple , and they may he of small size or larger than the 
bladder itself Diierticula should be distmguished from the shallow 
pouches found between the trabeculae of a hypertrophied bladder, from 
the prolongations of part of the bladder into mgumal or femoral hcmiae, 
and from septie paravesical cavities 

iEtiology Diverticula m infants and young subjects are very rare, 
are usually congenital, and associated with a contracted urethral orifice 
or valves In the majority of cases diverticula arc acquired m adult 
life as a result of urethral obstruction, and the extreme rarity of 
diverticula in women is probably accounted for by the infrequency 
with which they suffer from mterterenee with the outflow of urme 
Chronic enlargement of the prostate and stricture of the uretlira are 
the two diseases most often responsible for diverticula and as divertieula 
are only present m a limited number of cases, it appears that there 
must be an inherent weakness of the walls of the bladder in some 
subjects The prostalic enlargement is seldom more than slight 

Diverticula usually arise just above and lateral to a ureteric orifice 
at the junction of the trigone with the rest of the bladder, and this 
rather constant site of origin suggests that in these positions the walls 
of the bladder are less resistant to pressure than elsewhere 

In rare instances a diverticulum may result from traction caused 
by adhesion of the bladder to neighbourmg organs and in such cases 
there may be a history of previous pelvic cellulitis 

Morbid Anatomy Diverticula may be present at any part of the 
bladder but they are found most frequently on the lateral walls m the 
neighbourhood of the ureteral oriBce Less often they are found at 
the posterior surface of the bladder immediately above the interureteric 
bar In many cases the diverticula ate placed symmetrically tyhen 
they are multiple one of them is often laige the others small 

The orifice of the diverticulum is usually small, with sharply defined 
margins giving it a punched out appearance when viewed at cysto 
scopv An oval or slit hke orifice is sometimes found, but it is Jess 
common The ureter may open on the margin of the orifice of the 
diverticulum, or it may be dragged into the interior of the sac 

The mucous membrane around the ormce is often puckered m 
a radiate fashion Trabeculation of the bladder corfined to the region 
of the orifice is often noted, and the interutctenc bar may be 
hypertrophied on the side of the diverticulum 
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Tlic du«rticulum \ancs in thickness anti all the coats of the 
blatldcr are represented in it The mucous mcnihranc and the sub 
mucosa are thin ''lu'cle fibres are most abundant at the neck of the 
diYerticulurm and if the «^'\c is latse the\ inav be altcnuatctl or ab«ent 

towards Its fundu« Its abdominal surface is cos cred bi the ficrncsical 
fascia and there is often a considerable deposition of fat around it 
\ rom infection it mfl\ become adherent to tl c pels ic s i>cen\ 

Pathological EffecU and Complications of Diverticula Bv pressure 
or bi traction a dncrticulum nia\ cause constriction of the lower end 
of the ureter and subsequent dilatation of the kidnes, and if infection 
IS present in the bladder ascending picloncphritis mav supers enc- 

\ large diverticulum b?Ls no power of muscular contraction and 
depends mamh on grai itj for expubion of lU contents Stagnation 
of the unne within it predisposes to infection and therefore csstitis 
IS one of the commonest complications From the dncrticulum 
stagnant purulent unne mas escape from time to time and as 0 result 
ofmfection multiple phospi atic calculi frequenth develop Perforation 
of an infected diverticulum, is a rate complication \ carcinoma mav 
develop at the onfice of a diverticulum or m its intenor 

CYsnns 

The bladder is remarkabtv resistant to infection bv pvogeiiie 
organisms and mav remain licaltbv even tboUph the unne l>c Iieavdv 
infected Tbisisespeciallv trueifthcbladdcrisnormalinotherrospects 
and cv*stitis is almost alwavs dependent upon some predisposing factor 
•wlueh favoun the lodgment or growth of micro-organisms 

The most important predisposuig factor is obstruction to the outflow 
of unne wluch leads to imperfect emptving of the bladder For this 
reason cvslitis is common in association with proslatic enlargement or 
with urethral stricture and it is on almost inevitable compi cation of 
lesions of the bram and spinal cord associated witli retention of unne 
CvsUlis IS verv apt to develop also as a result of unnarv stasis in 
a diverticidum of the bladder or in females os a complication of 
cvstocele 

A second predisposmg factor of some importance is tl e presence 
of a foreign body m tlic bladder \ stone for example, frequently 
determines tl e onset of cvstitis or it mav aggrav ate existing infectioti 
Foreign bodies mlroduced afong He urelJira for example lernl 
pencib portions of rubber catheters etc mav give rise to especiallv 
severe types of cvsti is and even small foreign bodies such as surgical 
sutures inserted into the bladder wall mav aggr a vate an infection ** 
Tumours of the bladder also predispose to cvstitis probably because 
thev afford an ulcerated surface and an abundance of necrotic material 
Malignant tumours are almost mvanablv accompianied bv cvstitis and 
simple tumours are ven apt to become infected after fulguration 
when a part or the whole of the tumour is necrotic “ 

The Orga ni s m s. The organisms of cvstitis are v aned Coliforro 
bacilli are undoubtedly the most common, especiallv m the milder forms 
of chronic cvstitis Staphvlococci and streptococci are often present 



GISTITIS 


647 


either nlonc or ’with bacilhts eoU Thc> are cspeciall> common m 
purulent cystitis associated iMth obstruction to the outllou of urine, 
and since the> rentier the urine olknlinc they are important factors in 
Ihe production of phosphatie incrustations or stones Iwcss often, 
baciUus protons, baalUis and other organisms arc found 

As'cnues of Infection Tlie avenues of infection in cystitis are not 
alunjs obvious, and no doubt thej \nr> m different cases Often it 
seems Itkclj that cystitis is secondnty to an infection of the kidney, 
for example, pychtis or pvelonephntis, nlthougli it is remarkable, as 
has abend} been noted, that in man} eases the bladder ma> withstand 
such an infection during n long period 

In other eases the bladder is infected b> wa> of the urethra This 
IS probabl} the commonest mode of infection, and it seems hkcl} that 
the comparat IV c frcqucnc} of cj stitis m the female is due to the shortness 
of the urethra In some coses, cspceiall} in males, the infection is 
introchicctl b} a catheter In normal circumstances the urethra contains 
feu or no oi^amsms, and mstnimenlation is comparatnelj free from 
risk, but when the urethra is diseased or is tiie sent of stricture even 
the most scrupulous care vvill not nhvaj's prevent the onset of cjstitis, 
cspcciall} if the ufuic is suhscqucnll} alioued to stagnate m the bladder 

Pathological Changes It is customarv to describe two varieties, 
acute and clironic cjstitis, ami either ina} vary considerably in the 
degree of its pathological changes 

In ncutc cijsUUs the inflammation affects the whole extent of the 
mucous membrane, but is cspcciall} obvious at the trigone and base 
of the bladder The mucous mcmVironc, normal!} of pale }cllowisli 
colour, becomes intcnscl} hypcrtcmic and of bright red colour The 
blood vessels, normally visible as delicate branching filaments, become 
dilated and tortuous, and there may be pctccliial htmorrhages Flakes 
of exudate fioat in the urine and ndbcrc to the inJlnmed bladder wall 

In some eases of catarrhal c}stitis these are tlie only patJioJogical 
changes, but often, in addition, the mucous membrane is greitlv 
oedcniatous and in places eroded, so that the urine contains blood as 
well as pus and organisms Rarely, evtensu careas of mucous membrane 
ma} desquamate 

In chrome ajsUtis the pathofogical changes vary greatfy 'ITiey aro 
alvva}s most obvious at the base and neck of the bladder, and it is 
important to observ e that m contrast to tuberculous c} stitis the regions 
of the ureteral orifices arc not disproportionatel} affeeted though the} 
ma} share m the inflammatory changes 

In the mildest forms of diromc cystitis there may be little change 
V isible except a slight increase in the vascularity of the bladder base, or 
the bladder wall may appear paler than usual and of yellowish white 
colour In other cases the mucous membrane is cedematous, thickened, 
and with a rough velvety or granular appearance Sometimes the 
cedema is considerable, and the mucous membrane is then swollen 
and projects m smooth, rounded bullic which ma} even resemble 
simple polypoidal tumours In more severe degrees of cystitis the 
mucous membrane is ulcerated, and covered with adherent flakes of 
pus Ulcerative cystitis is often due to ammonia formmg organisms 
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The diverticulum \anes m thiclniess and all the coats of Uie 
bladder are repre<ented m it The mucous membrane and the sub- 
mucosa are thin Muscle tibres are most abundant at the neck ol the 
dnerticulura. and if the ^ac • farge the\ ma\ be attcnual«l or absent 
towards its fundu Its abdominal surface is covered b\ the iienscsicai 
fasaa and th«'re is often a considerable deposition of fat around it 
I- rom infection it ma\ become ndherent to the peh ic s iscera 

Pathological Effects and Complications of DrtCrticula B\ pressure 
or b\ traction a diverticulum max cause constriction of t!ie lower end 
of the ureter and «Tibsequent dilatation of the kidnej and if infection 
IS present m tlie bladder ascending pxelonepbrjtis max supeixene 

\ large diverticulum has no power of muscular contraction and 
depends mainlx on grants for expulsion of its contents Stagnation 
of the urme withm it predisposes to infection and therefore cx'stitis 
IS one of the commonest complications From the dix erticulum 
stagnant purulent urine max escape from tune to time and as a result 
ofmfection multiple phosphatic calculi frequent!' dexelop Perforation 
of an infected di\erticu!um is a rare complication A carcinoma max 
dexelop at the orifice of a dixerl culum or in its interior 

CYSTITIS 

The bladder is remarkablx resistant to inrcction bx pxogemc 
organisms and mav remam bealthx exen though the urme be heflxilx 
infected This is ecpeciaUx true if the bladder is normal m other respects 
and cxstitis is almost alwaxs dependent upon some predisposing factor 
ixhich favours tlie lodgment or groxvth of micro-organisnvs 

The most important predisposing factor is obstruction to the outfloxv 
of mine •winch leads to imperfect emptxing of the bladder For this 
reason cjstitis is common in association with prostatic enlargement or 
with urethral stricture and it is an almost inevitable compl cation of 
lesions of the brain and spmal cord assocuted with retention of urme 
Lxslilis IS ver> apt to develop also as a result of unnarx stasis in 
a dixerticidum of the bladder or m females os a complication of 
cx stoccle 

A second predisposing factor of some importance is the presence 
of a foreign bodj in tlw* bladder A stone for example, frequently 
determines tl e onset of cj-stitis or it maj aggraxnte e'asling infection 
Foregn bodies introduced along the uretlira for example lead 
liencil portioi s of rubber call eters etc max fcixe rise to cspeciallx 
sexcre tx-pes of cjstitis and exen small foreign bod es such as surgical 
sutures inserted into the bladder wall may aggravate an infection 
Tumours of the bladder also predispose to cvslitis probablj because 
thex afford an ulcerated surface and on abundance of necrotic material 

Malignant tumours are almost rax ariably accompanied bj cvstitis and 

simple tumours arc xerx apt to become infected after fulguration 
when a part or the whole of the tumour is necrotic. * 

The Orgamsms The organisms of cystitis are xaned Cohform 
bacilli are undoubtcdl} llie most common cspecialh m the milder forms 
of chrome cvstitis Staphvlococci and streptococci ate often present 



GiSTITlS 


G47 


either alone or ^Mth fcnciHua coh Thej are especially common in 
purulent c> stills associnteil with obstruction to the outflott of urine, 
and since thc\ render the imne alkaline thej arc important factors in 
IJie production of phosphatie incrustations or stones Less often 
bacillus prolcus, bacillus itjphostts, and otlicr organisms are found 

Awnues of Infection The nsctiucs of infection in cvslitis arc not 
always oljMous, and no doubt the) \nr) m different eases Often it 
seems likclv tint cystitis is sccondatj to nn infection of the kidney, 
for example, pjchtis or p\ clonephritis, although it is remarkable, as 
has alrcadj been noted, tint m many eases the bladder ma) withstand 
such nil infection during o long period 

In other eases the bladder is mfccletl by way of the urethra This 
IS jirohnhU the commonest mode of infection and it seems likely tint 
the compnrat i\ c frequency of cy stitis in the female is due to the sJiortncss 
of tlie urethra In some cases, cspoeinllv in males, the infection is 
ifitroiiiiccd iiyacnfheter In normal circumstances the urethra contains 
feu or no orgsnisms, and instrumentation is compintii cJy free from 
risk, blit uhen the urethra is diseased or is the seat of stricture even 
the most scrupulous care uill not atnays prevent the onset of cystitis, 
espcciallv if the untie is subsequently allow «l to stagnate in the bladder 

Pathological Changes It is customarv to describe two varieties, 
acute and chronic cvstitis, and either may vary considerably iji the 
degree of its patliological changes 

In acute cytMis the inflammation affects the whole extent of the 
mucous membrane, but is especially obvious at the trigone and base 
of the bladder The mucous membrane, normally of pale yellowish 
colour, becomes intensely hypcncmic and of bright red colour The 
blood V csscls, normally v isiblc as delicate branching filaments become 
dilatcil and tortuous, oiid tlicrc may be petechial haemorrhages Thkes 
of exudate float in the urine and adhere to the inflamed bladder wall 

In some cases of catnrriial cystitis these arc the only {uitliological 
changes, but often, in addition, the mucous membrane is greatly 
cedematous and m places eroded, so that the urine contains blood os 
w ell as pus and otgamsms Ilorcly , cxlcnsn c areas of mucous membrane 
may desquamate 

In c/iromc ci/sfifu the pathological changes vary greatly Tiiey are 
always most obvious at the base and neck of the bladder and it is 
important to obscrv e that m contrast to tuberculous cystitis the regions 
of the ureteral orifices arc not disproportionately affeeted though they 
may share in the inflammatory changes 

In the mildest forms of clironie cystitis there may be little change 
V isible except a slight increase in tlie v asculanty of tlie bladder base, or 
the bladder w nil may appear paler than usual and of y ellowisli white 
colour In other cases the mucous membrane is cedematous thickened, 
and vnth a tough velvety or granular appearance Sometimes the 
cedema is considerable, and the mucous membrane is then swollen 
and projects m smooth rounded bullaj which may even resemble 
simple polypoidal tumours In mote severe degrees of cystitis the 
mucous membrane is ulcerated, and covered with adherent flakes of 
pus Ulcerativ e cystitis is often due to ammonia forming organisms 
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which render the urine alkaline, and often it is associated with the 
deposition of calcium phosphate, cither os mcrustations of the ulcerated 
wall or as calculi 

Rare Forms of Cystitis 

Alkaline Incrusted Cj'stitis This form of cjstitis is due to the 
implantation of B protfus m a bladder ahead} tlie seat of 
inflammation It is a very chtomc and intractable form of c> stitis 
The disease occurs most often after childbirth, when injury to the 
bladder has necessitated catheterization It ma} follow operations for 
enlargement of the prostate or for urctliral stricture 

The bladder is generallv reduced in size and bleeds leadi!} on 
examination Tlie mucous membrane is erdematous, and adherent to 
it are flat circumscribed plaques of gnltj , phosphatic material The 
mcrustations are usuall} confined to the trigone and neck of the bladder, 
but sometimes the whole of the mucous membrane may be affected 
tVlien the incrustations are detached a bleeding surface composed of 
granulation tissue is exposed Tlie urine is alkaline in reaction nnd 
contains blood mucus and leucocjtes Sometimes grittj material is 
passed in the urine 

C>'stiUs Emph>sematosa TIus form of cystitis, which may occur m 
either sex is characterized bv the presence of multiple small gas 
contammg cssts m the subcpithclial tissues of the bladder The cysts, 
which are rarch larger than a large pin’s bead, project towards the 
interior of the bladder Tlie whole surface of the bladder may be 
affected or the lesion may be confined to one zone The urine may be 
normal but is usually infected 

Cystitis Cystica In this somewhat rare condition, which is found in 
association with infections of the urinary tract, the mucous membrane 
of the bladder is the seat of numerous small cysts which microscopically 
base an adenomatous appearance The lesion may be confined to the 
bladder, but scry occasionath a similar condition is present in the 
ureters and the renal peh is 

The cause of the cyst formation is not certain ^ irchow suggested 
the cy sts were due to blocking of crypts of glands in the mucous 
membrane More recently it is suggested that cellular degeneration in 
inflamed and mdematous mucous membrane is responsible Appearances 
similar to cystitis cystica ha\e been produced experimentally in rabbits 
by mjunng the mucous membrane of the bladder by curettage 

The cyst formation is usually confined to the trigone and the region 
of the ureteral orifices One or more of the cysts may become peduncii 
lated IMien several are clustered together they base the appearance 
of bullous oedema 

Leukoplakia of the Bladder In this condition the transitional 
mucous membrane of the bladder undeigoes metaplasia and assumes 
the characteristic features of a sqaamous-cell membrane A similar 
change has been obsersed in the mucous membranes of the renal peh is 
and of the gallbladder In the bladder leukoplakia is m^arnblv 
accompanied by the signs of chronic cystitis, and it is to be regarded 
as a hyperplastic reaction of the tissues to the irritation mduceil by 
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chronic inflammation Its mam pathological significance is that it is 
possibly to be regarded as a prccanccrous condition 

Abacterial Pyuria The disease to which this name is applied is 
cliaracferized bs catarrhal inflninmation of the posterior urethra and 
bladder base with pus in the urine but no demonstrable organisms It 
always afTects men and usually follows coitus It has been attributed 
to a \ irus infection though clear evidence is lacking The response to 
arscnicals suggests that a non syphilitic spirocliTte may be responsible 
This condition may be related to ileitcrs symdrome in which a 
non specific urethritis is associated with arthritis and sometimes 
conjunctiMtis 


TUMOURS OF THE BLADDER 

The bladder especially in the male is n fairly common site for 
tumours They are generally of an epithelial nature although \ arious 
types of connects, c tissue tumour such os fibroma myoma and angioma 
have been described 

The majority of bladder tumours take origin in a presnously healthy 
mucous surface but occasionally there ore definite preenneerous factors 
It IS well known that andine dye workers are specially prone to the 
formation of papilloma and this is attributed to irritation of the 
mucous membrane by long-contimicd excretion of the dyes Scl istoso 
miasis in Eg\pt frequcntls predisposes to papilloma and care noma 
Leukoplakia of the bladder usually nssoemted with chronic cystitis 
may also be the starting point of a new growth but generally 
cs'stitis cannot be re 
garded as a definite or 
common prccanccrous 
condition 

PAPILLOMA 

(Villous Papilloma) 

\ papilloma of the 
bladder may be sessile 
b it IS usually ped in 
culated It is much 
commoner in men than 
m women and often it 
arises in early adult life 
It ma\ be single or 
multiple and sanes 
greatly in size some 
times attaining the 
dimensions of a golf 
ball It shows a special 
predilection for the base 
of tl e bladder at or 
about the ureteral orifice 
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ria "SI Villous pap Homa of the bladder X 110 
T o iiJl are seen consisting of trans t onal 
ej thel um mounted on del cate cores of con ec 
live tissue Note tie numerous Htge caplJary 
blood vessels 
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In il‘! usmi form tlic tumour is pedunculated, and consists of 
a central stem sur 
roundetl by delicate 
brandling filaments or 
\illi, winch gi'c an np- 
pcarvnec hkened to a 
^ca anemone In other 
eases there is no central 
stem and the Mlh take 
Origin diixctl> from the 
mucous membrane of the 
hladder Sometimes the 
tumour IS sessile and 
lobulatcd, resembling a 
rnspberrj 

Microscopicallj , thi 
central core is composed 
of fibrous tissue winch 
IS prolonged in delicate 
strands into the \ till of 
the tumour Occasion 
all> the stroma contains 
plain rmisclc fibres and 
elastic tissue The 
cpithelivim.wluch cos ers 
the fibrous core and each 
of the Mill resembles tlut of the bladder and is of transitional cliaractcr 
It IS composed of cvlmdrical cells ortanged reguKrlj in a radiate fashion 
The stroma contains numerous large tiun walled capillars a esscls The 
great sasculariU of the tumour is scr\ opt to cause hainaluria, which is 
often profuse and gincralh painless \ jKiiunculalcd papdlorfia mas 
become engaged in the uritlira and thus cause strangurs or retention 
of urine Portions of the tumour maj be passed in the urine 

At Its inception a papilloma is gcneralls n benign growth but is 
\er\ prone to malignant change cspeciall> indderlj persons Malignant 
change IS cs idcnced b) a more sessile form of growth and bs a Icndencs 
to insohe the sesieal mucosa around the pedicle In some eases the 
mucosa for a considerable distance around becomes conf»eslcd and of 
granular appearance as a result of earh neoplastic changes m it 1 esical 
papilloma is often associated with a tendenej to recurrence after 
operation The ‘ seedling tumours maj reproduce tlie structure 
of the parent growth or lhc\ Tna\ assume malignant characters 
The) maj be large and pedunculated but more often are small, multiple 
and sessile This form of metastasis is usualls attributed to implantation 
of free cells from the tumour on to the healthy mucous membrane 

CARCINO'IA 

Caremoma of the bladder may origmatc mar lUous papilloma, or it 
maj arise de noro in a bladder that has appeared healthj Usuallj it 


Pic 3S,i \iIIour papilloma of the bladder X S*S 
From the same section as fig 2H-I Note the 
elongated type of transilionat epKlieltal celts and 
the large copiltan blood ressets 

ttcSertLjeji e] Jiayil CeSlrii «/ Tiiitntiu ‘Jfi "I'S'rS) 
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IS situated at the b isc of the bladder, ami it rarelj originates at the 
fundus Tano principal \anetics of carcinoma arc recognized, the 
papillary and t!ie infiltrating but the appearance and microscopic 
features \nrj both m ditrcrcnl tumours and m different parts of the 
same tumour, and between the two principal \nnettts there arc inter 
meiliate forms which render exact classification difiicult A third 
%aricty, an adenocarcinoma is rare 

The papillary carcinoma gciicmlty arises in a v illous papilloma 
\\ lien a simple papilloma undergoes malignant change it grow s more 
rapidl> and forms a bulk) , soft mass which may cv cntually fill the greater 
part of the bladder Microscopicall), the papillarj formation of the 
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growth persists but the unifonnitj of structure so cliaiticteristic 
of the simple papilloma is lost The epithelial cells are arranged 
irregularly , and in places are heaped m solid masses The cells ^ ary m 
Size and slnpe, their nuclei are hypcrchromatic, and mitotic figures are 
present 

Through impairment of blood supply the central and superficial 
portions of the tumour are liable to necrosis and ulceration The 
ulcerated surface bleeds readily, and sometimes profusely, and the blood 
may be so copious as to clot in the bladder Tlie presence of necrotic 
tissue predisposes to infection and cystitis is very likely to de\ elop 
In addition to enlarging superficially the tumour tends to spread 
deeply and to infiltrate the bladder wall The mucous membrane 
around the tumour becomes thickened and nodular and subsequently 
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ulcerates Later fresh tumours maj appear in other parts of the 
bladder Tbe\ are espectallj liable to recur after operative removal of 
the pnncipal mass 

The infiltrabng caremoma, the siMSiIIed epidermoid eancer, ina% 
de% elop m one part of a papiILary growth or it maj anse prunarflj It 
IS generalh a scirrhous growth which does not project far mto tlie ca\ il> 
but sprea'ds wideU m the bladder wait It forms a sliallow ulcer 
surrounded bj a raised, mdurated margin On microscopic csamination 
the growth is composed principalis of solid masses of epithelial cells 
supported m a fib*ous stroma Generallx in some parts of the tumour 
there is evidence of papillar\ fomahon Sometimes the appearance 
suggests a squamous-cell caremoma, and there mas even be cell nests 
Tumours presenting this feature are generalh presumed to Iiav c arisen 
in raucous membrane that has assumed a squamous-cell tvpe folloinng 
leukoplakia Lsuallv thej are accompanied b\ purulent cvslitis, and 
the rnahgnant ulcer mav be partlv obscured b\ pliosphatic deposits 
and pus 

Adccocarcmoma of the bladder is rare and is believed to arise in 
the small tubular glands oceasionallv found m the mucous membrane 
at the tngone of the bladder or in on area of ej'stitis cvsUca Tumours 
of tJu tvpe tend to project mto the cavilj of the bladder and to fonn 
soft bulkv growths, nhi^ are verv liable to mvroroalous change and to 
necrosis and occasionallv distant metastasis 

Spread of Xesical Carocoma Carciroma of the bladder grows 
slowly and spreads pnncipallj br direct infiltration of adjacent tissues 
Kt fi^, and for a considerable tune, it remams limited to the bladder 
wall and at thi> stage complete extirpation would be possible but for 
the technical difficulties of tlic operation and the dangers consequent 
on diversion of the unnarv outflow Later tlie tumour infiltrates the 
soft tissues of tlie pehns, and at this 'tage it is verv apt to invoh e one 
or both ureters and to cause obstructive anuna , or it mav perforate 
the vagina or the rectum and lead to a unnarv fistula E\ ratually the 
tumour mav sp-ead to the regional lymph gl^ds Rarch it metasta- 
sizes to distant sites especuUy to the vertebr® and pelv ic bones and 
to the lungs 


SARCO'IA OF THE BLADDER 

Sarcoma of the bladder is a rare tumour wbicli mav arise m childhood 
or in adult life It ongmates m the submucous coat'of the bladder and 
grows to large size, forming a soft mass which is very liable to liamor- 
rbage and necrosis The tumour projects into and niav almost fill the 
bladder, and it spreads also m the connective tissue planes of the 
pelvis and everts pressure upon the urethra or the rectum On 
microscopic ciaminabon it consists pnncipallv of spmdle-shaped cells. 
Often m certain parts of the tranour there’ is evidence of abortive 
attempts at glandular formation, and there mav be areas of mvxoma 
tous bssue and even stnped muscle fibres In such cases the growth 
mav be regarded as a mixed tumour or rhabdomvosarcoma. 
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CHAPTER XXXIII 


DISEASES OF THE MALE GENERATIVE ORGANS 

Development of the Cemtal Tract. The genital gland (testicle or 
ovarj ) first appears as an elongated mass on the medial aspect of the 
mesonepliTos or V olfTian bodj (see p COO), where it forms a sxibsidiary 
ridge projecting forwards into the bodj cavity Lateral to it there 
appears the Mullerian duct, and both the Mullerian duct and the IVolffian 
duct partaVe m the evolution of the genital tract, the '^lullerian duct in 
the female and the Wolffian duct in the male 

At about the seventh week of mtta uterme life the genital tract 
passes through a complex metamorphosis, for at this iime the genital 
gland descends from its primitive position in the lumbar region 
towards the groin and scrotum, or towards the true pelvis, and with 
the gland migrate also the upper (cephalad) portions of the Wolffian 
and Mullerian ducts whilst their caudad ends remain related to the 
cloaca 

The later changes m these structures v ar> according to the sex 
In ike male the MoKlian duct persists m its entirety, ultimatelv 
forming the whole lengtli of the excrelor> (seminal) channel, from the 
ductuli efferentes of the testis through the tubules of the epididymis, 
the ductus deferens, and the seminal vesicle to the ejaculatory duct. 
In addition it forms the prostatic portion of the urethra and the 
trigone of the bladder, and the ureter and collecting tubules of the 
kidney {see p 600) Tlie greater part of tlie mesonephros disappears, 
but traces persist and form the paradidymis (organ of Geraldes), a 
small collection of tubules above the head of the epididymis The 
Mullerian duct atiophics almost completely, anil only a vestige remains 
as the minute prostatic utricle 

Millie the testis and M oKTian duct arc migrating towards the groin 
the ureter and kidney are ascending from the pelvns, and thus the two 
channels, the ureter and ductus deferens, come to be hooked roimd 
each other at the base of the bladder 

In the female the Mullerian duct persists, and the cephalad portion 
forms the uteruie tube whilst the caudad portion unites with its fellow 
to form the uterus, and possiblv part of the v agina The M olffian duct 
atrophies (except those parts which form the ureter and the base of the 
bladder), but traces of it persist Its upper portion remains m v estigial 
form as the epoophoron, and its hindmost end is recognizable as a small 
sinus opening close to the hymen (Gartner’s duct) Rudunents of the 
Wollfian body persist in the broad ligament as the pirov ariiim 

Anomaljes of the Mesonephros Abnormal persistence of roeso 
nephricyga'^tures may lead to the development of tumours, cysts or 
fistulx ter life The commonest arc cysts arising in tlie broad 
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ligaments from either the cpooplioron or the parovarium {tee p 710) 
The olfTian body is rcganletl also ns the origin of certain retroperitoneal 
c>sts and possiblj of mixed tumours (adenosnreoma) m the kidney 
In a fen reportcti cases the Uolflinn duct in the female has failed 
to ntrophj, and has persisteiJ as a tortuous dilated retroperitoneal 
tract, nhieh may extend from Uie lumbar region to near the hymen 
discharging a punform exudate there In exceptional cases m males 
the MuUerian duct may form a similar channel 


TUBERCULOSIS OF THE MALE GENITAL TRACT 


Tuberculosis in the male genital tract commonly involves the 
cpididyTTiis and the seminal \csiclcs of one or both sides 

It IS ncll knonn that tuberculous infection of the genital tract 
frequently complicates renal tuberculosis, and conversely infection of 
the genital tract often precctlcs a renal infection 

Much discussion Ins surrounded tlie avenue of infection and 
route of spread of genital tuber 


culosis On the one hand, it has 
been claimed that the seminal 
vesicle IS involved primarily, 
either by blood borne organisms 
or as a result of lymph spread 
from kidney and bladder , and 
that the disease then spreads 
down the vas deferens or in the 
lymphatics of fhc spermatic cord 
to the epididymis There is a 
possibility that the prostate may 
be affected primarily and that 
later extension occurs to the 
seminal vesicles and the epidi 
dy mis On the other hand, there 
is the view, which at present is 
the more amply supported that 
the epididymis is the primary 
site of the disease, being infected 
by the blood, and that from the 
epididj mis tlie disease is carried 
along the vas deferens to the 
seminal vesicle 

In the majority of eases the 
epididynnis is affected alone 
but the seminal vesicle may be 



affected later Often the epidi 
dy mis and \ csicle of the opposite 
side become involved subse 
quently 

The Epididymis In the 
earliest cases tuberculosis of the 


tic. 28 Tuberculosis of the cpididjn IS 
The globus major is replaced by a large 
veUon n ass of caseous material The 
disease has begun to inritratc the testis 
fihicb contains numerous pin head 
tubercles There is a small chron c 
hydrocele with (Inch Tbrous vralls 
(ifiunim efSojal CoUtgt of Svt^tont of EJ nbvrgA ) 
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epididvTnis is said to affect the globus minor, but it soon in%ohcs the 
entire organ In mild cases the disease remains limited to the epidi 
d\Tnis, and the follicles arc ailed m bj fibrous tissue Examination 
will then reTcal the presence of discrete nodules, smooth, rounded and 
of firm consistenc), perhaps half an inch or less in diameter Such 
nodules may persist for > ears, gmng nse to no s\'mptoms 

In more severe cases the disease spreads more actneK. The 
epididymis becomes greatly enlarged and cowl shaped, so that the 
globus major overhangs the upper pole of the testis The tuberculous 
follicles coalesce until the whole epididjTms is caseous A cold abscess 
maj then form and spread through the adherent scrotal tissues to the 
surface where it bursts and forms a sinus Such a smus is usuallj 
situated on the posterior aspect of the scrotum 

From the epididjTnis the infectioa commonly spreads up the sper 
matic cord, which becomes thickened and nodular 

The testis maj escape entirely , but oneo it is ms oh ed extensiv elj 
Not infrcquentlj the tunica vaginalis is infected and one form of 
hydrocele results Natural healing is usual 

Seminal Vesicle The vesicle is commonly iniolred in tuberculosis 
of the genital tract It is enlarged and nodular, infiltrated with tuber 
eulous follicles Generally the disease takes a chronic form, gl^'Ulg nse 
to no symptoms, and after the qndtdymal infection subsides the % esicle 
beals Less often a cold abscess forms, end bursts into the rectum 
In some cases the disease spreads from the \esicle to the prostate 

DISEASES OF THE PROSTATE GLAND 

Acute prostatitis is usually due to extension of a gonococcal infeo 
tion of the urethra It may culminate in abscess formation, and there 
may be extension to the seminal vesicles and tbe epididymis Gono 
coccal prostatitis mav be very intractable and may be responsible for 
recurring exacerbations of infection m the lower urinary tract, or for 
infection elsewhere in the body, especially in joints 

An acute abscess of the prostate is sometimes caused by the 
staphs lococcus aureus borne in the blood stream from a lesion else- 
where The abscess usually burrows into the urethra, but it may extend 
into the relropfostatic cellular tissue and reach the penneum 

ARcr the age of fifty years (sometimes much earher) the prostate 
gland may undergo hyperplastic or degeneratiie changes, and the 
effects produced are known coUcctively as prostatitm, the outstanding 
fecture of which is interference with emptying of the bladder Tlie 
pathological changes in the prostate may be considered under the 
following headings (1) simple hy^jertrophy , (2) prostatic fibrosis, and 
(3) malignant disease 

1 Reference to tlie normal anatomy of the prostate is necessary for 
proper appreciation of the different ways m wluch the size, texture 
nnfi relationship of the gland may be altered m these clironic diseases 
) From the pomt of view of surgical anatomy it is com enient to 
ud the prostate as a fibro>muscuIar organ permeated by glandular 
jJ^P'les, situated around the prostatic urethra, and at the neck of 
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the bhcldcr, \uth winch its central part is directI} continuous The 
bulk of it lies belund the urethra, and this part of it is traversed by the 
ejaculatory ducts Tlic dnision of the gland effected by the uretlira and 
cjacidntory ducts enables one to recognize five lobps or segments m the 
gland At the sides of the urethra are the lateral lobes, m front is the 
fliiferior or eommisstiral fo6e, the triangular wedge of tissue between 
the urethra and the ejaculatory ducts is the middle lobe, and the portion 
behind the ducts and urethra is the posterior lobe 

The prostate is enclosed bj a fibro-miisciilar capsule or condensation 
of its ow n substance, w Inch sends septa into its interior The sheath of 
the prostate is the pclv le fascia around it, and is of a firm fibrous texture , 
and except m front and at the apex, or lower end, it can be readily 
stripped from the organ Uithin the sheath lies the prostatic plexus 
of veins, vvJuch is jofned antcriorlj by the deep dorsal vein of the 
penis The veins he chiefiy in the groove between the bladder and the 
prostate The prostatic veins enter the ontenor part of the plexus, 
and therefore liTmorrhage is likely to occur if tins part of the prostate 
IS injurevl 

The lymph \ cssels of tlie prostate dram into a periprostatic plexus, 
from which trunks pass to the ihac and hjpogistnc glands 

The muscular fibres of the tngone of the bladder conv erge upon the 
prostatic urethra and arc attached at the vcrumonlanum The ontenor 
longitudinal coat posses into its capsule and the inner circular lajer of 
the bladder becomes condensed upon its upper surface to form the 
internal vesical splunctcr 

It IS important to recognize that a normal prostate cannot be 
enucleated by subcapsular dissection for there is no plane of separation 
betw een the capsule and the rest of the substance of the prostate Total 
remov al of the prostate necessitates separation of the capsule from the 
sheath and as these are intimately united m front the veins of the 
prostatic plexus arc torn Hlien an enlai^cd prostate is enucleated 
through the bladder, damage to the internal splimcter is inevitable, but 
nn jntra uretliral enucleation may spare the sphincter 


Simple Hypertrophy of the Prostate (Chronic Lobular Prostatitis) 
Tins IS bj far tlie commonest cause of prostatism Tlie ictiology of 
the disease is not fully knomi TJie changes in tlie prostate are very 
similar in nature to those found in the breast m chmnic mastitis, and m 
the thjTroid in adenomatous goitre It is now certain that the influences 
which cause the changes in the prostate are hormonic in origin and 
arise in the testis Experimentally it has been showTi that male mice 
subjected to frequent skm applications of tiie ovarian hormone osstrin 
regularly develop prostate enlargement, witli urinary obstruction 
dilatation of tlie bladder and bilateral hydronephrosis It seems 
probable that the action of this or siradar hormones, is responsible for 
prostatic hypertrophy in man The likelihood is stiH further suggested 
by the finding that daily injections of oestrin into immature male rhesus 
monkeys over periods of six to twenty eight days lead to prostatic 
hypertrophy in which the epithelium of the utricle (uterus masculinus) 
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showed \crj marked proliferation The view held at present is that 
the testis secretes an erstrogenic substance as «ell as the male hormone 
proper and that the normal balance between the two niaj be disturbed 
late m life so that the cestrogenic clement becomes predominant and 
IS responsible for the prostatic overgrowth 

Tiic outstanding cliange is hvperplasia of tlie connective tissue 
stroma and of the glands The overgrowth of fibrous and plain 
muscle tissue maj be such as to lead to fibroni) omatous nodules 
of variable number and size In addition the glands usuallj show 
hvperplasia and m places maj undergo cjstic dilatation Corpora 
amjlacca are found scattered throughout the hvperplasic tissues 
The microscojnc appearance resembles that of a fibro adenoma , but 



1 -ss ^11 t i >l'ertru| } > oC tl eproHtatc Cljndular hy]M>rplasin [ re(li>n liitcs 

Laicn oty af /tayat Ct/ pri/ /’Aynoan* o/ £</ Afruryl ) 

as III chronic mastitis the condition is not a true tumour formation 
i'is.'i p’sthcj 1 fcj feypvWAZ to- s^sma- stpmuktf 

associated with physiological involution In some cases however, tlie 
resemblance to tumour formation may be strong especially when the 
changes are restricted to a few areas of the gland The ratio of fibrous 
tissue overgrowth to glandular hyperplasia varies in different cases 
and the size and appearance of the gland arc determined bv their 
relative proportions These bvpcrtrophic changes in the prostate are 
commonestin thcnuddlelobc.amimav lieconfnedtoit but inaddilion 

one or both lateral lobes are often afiected \s a result the unafTcctcd 
glandular acini arc compressed and condensed along with the inter 
glandular stroma This compression of the normal glandular tissue is 
of great importance surgicalh because it creates a false capsule, out 
of which the hv pcrplasic part of tlie prostate may be readily enucleated 




PJIOSTATIG HYPEHTROPUY 


650 


Tlie degree of enlargement m cliromc lobular prostatitis varies 
considerably. On an a;cmge the gland is enlarged to about twice to 
four times its normal size or e\en more, but in extreme instances it 
may reach the size of an orange. The enlargement is generally fairly 
sjTnrnetrical. Ustiall.v the gland is uniformly firm m consistency, but 
the consistence Mines within c<Mi* 


siderable limits. When enlarge- 
ment is confmctl to the mitldlelobc 
this portion projects into the floor 
of the bladder as a spherical mass 
or as a collar surrounding the in- 
ternal meatus, svluch, when slewed 
from the bladder, has on appear- 
ance somewhat resembling the ccr- 
\ IX uteri. It IS important to recog- 
nize that enlargement of the middle 
lobe of the prostate cannot be 
detected on rectal examination. 

As a result of enlargement of 
Uie prostate there are several 
important secondary cttccts on 
the urethra, the bladder, and the 
kidneys and ureters. 

Effects on the Urethra The pros- 
tate enlarges in an upward direction 
owing to the resistance of the tri- 
angular ligament, and as a result the 
base of the bladder is carried up- 
wards, and the prostntic urethra 
becomes elongated, so tliat an m 
strument requires to be passed for 
a greater distance than normally 
before it reaches the bladder. Tlie 



posterior urethra ma\ be more I’lc 289 Greatly cnlaigcd middle 
curved than normally, so that a Jobe of prostate projwtmg into the 
catheter of special shape ma\ be dilated and bilateral hjdro*ureter is 

required to t^a^ erse it IMiCii present, 

eniamcment of the prostate is (J/utnm^/xmfaiceUeffc/svivforue/ 
asj mmetricil the uretJirn maj 

be deflected to one side, or it may be narrowed. Often the prostatic 
urethra is widened from streteliing of the mucous membrane over the 
enlarged gland 

Effects on the Bladder. As a result of obstruction to the outflow 
of urine from the bladder its walls become hypertrophied, and on its 
interior the muscle bundles become evident ns prominent trabeculs, 
and diverticulation is common. If obstruction is of long standing the 
bladder becomes dilated anti its walls very thm. Protrusion of the 
enlarged prostate into the bladder causes the orifice of the urethra to 
be no longer the lowest part of the bladder, and this may lead to 
accumulation of residual urine. The stagnation of unne predisposes to 
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jg-stitis, whjch is a Tcrj 
common complication of 
long-standing prostatic 
b%'pert^3ph^ , its occur 
rence is often precipitated 
by catheterization Phos 
phatic calculi commonh 
develop as a result of the 
cystitis 

In man} cases one or 
more diverticula are pre 
sent near the base of the 
bladder 

Effects on the Kidne>'S 
and Ureters As a result 
of prolonged distension of 
the bladder the escape of 
unne &om the ureters is 
impeded, and tliev gradu 
all\ become dibted The 
sphmctenc actionnormall} 
exerted at the ureterovesi 
cal orihee is lost, and rrhen 
tlie bladder becomes o\er> 
distended reflux of urine 
up the ureters occurs The 
bilateral h\ dro-ureter is al 
most alirays associated xrith 
hjdfoneplirosis which m 
neglected cases mav attain 
a large size and % ery little 
Vidnc\ tissue maj peisist 



Fje 291 Kidnrrs from a cose of cnlu^rnl prostate sliowing I lateral 
hydtonephrOMi and pveionephntii 

(UmtnmtfP 



phosT iTJc riimosn goi 

S\ibjects of prostatism frequently suffer from chronic interstitial 
nephritis, and the effects of this arc greatly exaggerated as obstruction 
to urinarj secretion advances It is not surprising, therefore, tint 
features of cJironic urscmw ma> supervene , sometimes the^ complete!} 
o\ crshaclow the loc.il cfTects of the prostatic disease, and tliej may even 
lead to a fatal issue in the absence of pronouiicetl disturbance m lower 
iirinarv organs 

Stagnation of urine m the dilated ureters and kidneys predisposes 
to ascending infection from the bladder, and this usually ends fatallj 
Sometimes infection occurs bv the blood stream and leads to acute 
pv elonephritis u ith multiple small obscesses m the kidnej 

Prostatic Fibiosu • Chronic Interstitial Piostabtis 

In this condition the prostate gland is rerluced m size and is of 
tough fibrous consistence, due to overgrowth of the intraglandular 
stroma 

The cause of the fibrosis and sclerosis is not known, but it is ver> 
probable that it is due to the same factors that m later life cause increase 
of the interstitial tissue of other organs such as the kidnej, liver and 
breast 

Ilistologically, both the glandular tissue and plain muscle fibres 
ate compressed and atrophied The gland is also the site of a round cell 
infiltration 

In contradistinction to chronic lobular prostatitis no false capsule 
IS formed around the gland, and the whole of the prostate is nffccted 
As a result of the close union of tlic prostate to its mvcstmciitb no line 
of cleavage is present to fncihtalc enucleation If enucleation is 
attempted it usuall} results in laceration of the bladder and damage 
to the urethra Therefore tfic treatment of prostatism of this type must 
be conducted on difTcrent lines from that of chronic lobular prostatitis 

In fibrous prostatitis t!ie prostatic urethra is not elongated , m 
fact, it ma> be shortened Wien the middle Jobe of the prostate 
is especially inv olved an unyicldmg fibrous transverse bar results which 
causes obstruction at the outlet of the bladder Jh suclx cases the 
prostatic urethra becomes sliortened so Uiat the neck of the bladder and 
the verumontanum are approximated If a cjstoscope is passed, 
obstruction is encountered at the entrance to the bladder On mspection 
a transv erse ridge or ledge is often noted, and the mucous membrane 
over it IS more fixed than normally Sometimes the fibrous bar instead 
of projecting as a transverse ridge presents as a firm nodule on the 
lloor of the bladder at the internal meatus The changes in the bladder 
are similar to those in prostatic li}’penroph} , and are the outcome of 
interference with the function of the inlemal sphincter 

Prostatic calculi may occur, though rarelj There may be a single 
calculus, but more often they are multiple, and there may be a large 
number Tliey he within cavities in tlie substance of the prostate, 
chief!} in the lateral lobes They occur most commonl} in elderly 
men, but have been observed m men as young as thirt} years The 
calculi usually have a nucleus of epithelial d^bns blood clot or bacteria, 
and a shell composed of mixed phosphates and the phosphates, carbo- 
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In the carls stage malignant disease forms multiple opaque nodules 
of firm tevture, uhich render the gland undul} hard Tlie rate of 
gronth of the tumour is iisuillj slon As the disease adtances it 
infillntes its capsule and sheath as well as the base of the bladder and 
the seminal \csioles At a later stage ulceration of the growth occurs 
and leads to li'cmorrlngc Spread to the retroperitoneal Ijunph glands 
IS a common and carl\ feature ituohemcnt of the glands is found in 
at least 00% of cases post mortem Metastasis to bones is of frequent 
occurrence and maj be ob% lous before unnarj obstruction des clops 
Ilislologicallj, cancer of the prostate often shows n glandular 
structure, but sometimes there is less differentiation and the cells are 
arrangeil in irregular masses 

V ts^ie of cancer is sometimes found m the prostate which differs 
greatlj f^rom the aboie The growth begins m the posterior lobe of 
the gland, and remains confined to it The growth is small, and is of 
a scirrhous l>pe, and the gland maj be onl\ shghtl> enlarged, but it is 
cxlremclj hard It is characteristic of this t>pe of growth that it 
often gi\ es rise to w idcspread mctastascs in the skeleton especially m 
the skull, ^c^tebr'c and line bones, and is associated with an increase 
of blood phosphatase At autopsj in such cases the pnmarv growth 
mnj be so small ns to be rcndd> oscrlooked, and careful microscopic 
exammodon ma> fac neecssarj to demonstrate it The clianges which 
mn> occur m the skeleton arc dcscrilicd on p 180 Sarcoma occasionally 
occurs in the prostate, the tumour may remain cncapsuled for a 
considerable period 


DISEASES OF THE TESTIS 
Torsion of the Testis 

Torsion of the testis seldom occurs m an anatomically normal 
organ Incomplete descent, with which other structural abnormalities 
are often associated predisposes to its occurrence Torsion may occur 
in children or in adults, but it occurs most often about the time of 
piiberti It ts mwe « tite r/ffht than the Jeft testis 

Tile common anatomical errors of dc\elopment winch predispose to 
torsion arc (1) the presence of a patent processus \ aginalis in associa 
tion with incomplete descent, (2) m\cn>ion of the testis, (3) the presence 
of a mesorchmm which separates the body of the testis from the 
epididymis In many instances the testis lies more horizontally m the 
scrotum than normally MTien a mesorchmm is present the epididy mis 
IS found to be completely inaested by tlie tunica aaginaljs 

The actual cause of the torsion is uncertain, but as it lias frequently 
follow ed a sudden strain or a blow, it is bche\ ed tliat a violent contrac 
tion of the cremasteric muscle may initiate it It has also been suggested 
that a se\ ere strain may cause a sudden engorgement of the tortuous 
a ems of the spermatic cord sufilcient to induce torsion 

The site of torsion is usually a short distance abo\e the summit 
of the testis In a few instances, where the teshs and epididymis 
are widely separated, only the body is imolved In children the 
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In the early stage malignant disease forms multiple opaque nodules 
of firm texture, nhich render the gland unduly hard Ihe rate of 
gronth of tlie tumour is usually slow As the disease advances it 
mfiltnitcs its capsule and sheath as well as the base of the bladder and 
the seminal \csitlcs At a later stage ulceration of the growth occurs 
and lends to ha.morrhngc Spread to the retroperitoneal ly mph glands 
la a common and early feature mvoUement of the glands is found m 
at least CQ% of eases post mortem ^fctastasis to bones is of frequent 
occurrence and may be obvious before urinary obstruction develops 
Ilistologieally, cancer of the prostate often shows a glandular 
structure but sometimes there is less differentiation and the cells are 
arranged in irregular masses 

\ IvTic of cancer is sometimes found in the prostate which differs 
greatly from the abov c The growth begins m the posterior lobe of 
the gland, and remains confined to it The grow th is small and is of 
a scirrhous type, and the gland may be onlv slightly enlarged, but it is 
cxtrenicly hard It is characteristic of this type of growth that it 
often gives rise to widespread mctastascs in the skeleton especially m 
the skull, vcrlcbr'c and line bones, and is associated with an increase 
of blood phosphatase At autopsy m such eases the primary growth 
may he so small as to be readily overlooked and careful microscopic 
examination may be necessary to demonstrate it The changes which 
may occur in the skeleton arc described on p 180 Sarcoma occasionally 
occurs 111 the prostate the tumour may remain encapsuled for a 
consulernbic period 


DISEASES OF THE TESTIS 
Torsion of the Testis 

Torsion of the testis seldom occurs in an anatomically normal 
organ Incomplete descent with which other stnictural abnormalities 
are often associated, predisposes to its occurrence Torsion may occur 
in children or m adults but it occurs most often about the time of 
puhert^ It ts /retjtfcwi tft tk^ nght tifsn tlie Jeft testis 

Tlic common anatomical errors of development winch predispose to 
torsion arc (1) the presence of a patent processus vaginalis m associa 
tion with incomplete descent (2) inversion of tlic testis (3) the presence 
of a mesorchiiim which separates the body of the testis from the 
epididymis In many instances the testis lies more horizontally in the 
scrotum tlian normally \\ben a mesorclnum is present tlie epididymis 
is found to be completely invested by tlic tunica vaginalis 

The actual cause of the torsion is uncertain but as it has frequently 
followed a sudden strain or a blow it is believed that a violent contrae 
tion of the cremasteric muscle may initiate it It has also been suggested 
that a sev ere strain may cause a sudden engorgement of the tortuous 
V ems of the spermatic cord sulTicient to induce torsion 

The site of torsion is usually a short distance above tlie summit 
of the testis In a few instances where the testis and epididymis 
arc widely separated only the body is involved In children the 
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hydatid of the testis, svhich is relatively large in earlj life, may undergo 
torsion alone The extent of the twist, which occurs suddenly, varies 
from a half to one and a half turns, and the rapiditj of changes in 
the organ depends on the degree of torsion The direction of the 
twist IS always from without inwards Once established, the torsion is 
usually maintained, but occasionally it becomes undone spontaneously, 
but it may recur 

The changes in the tistis and epididymis are due to strangulation 
of its blood vessels At first, probably, onlj the veins arc involveil 
with the production of venous congestion and swelling of the distal 
parts ^^’hen v cnous obstruction is long maintained tlirombosis occurs, 
and results m hemorrhagic infarction of the testis Tlie arteries maj 
be constricted at the onset of torsion or not imtil later 

lAhen exammed at operation the testis and its coverings arc swollen 
and aidematous, and have a blue discoloration from venous engorge 
ment or thrombosis The tumca vaginalis usually contains n blood 
stamed effusion In more advanced casts the testis maj have the 
appearance of a ripe plum, and softening from necrosis may be detected 
\\hcn treatment 1ms been deta>ed suppuration of the testis maj ensue 
from superadded infection 

Torsion of the testis is usuallj associated with vcr> great pain and 
severe shock The abdominal muscles on the affected side are rigid, 
and the thigh is drawn upwards The scrotum is usually reddened, 
eedematous and tender, and the testis is retracted towanls the inguinal 
canal 


HYDROCELE 

A collection of watery fluid m the tunica vaginalis may be due to 
disease in the testis or epididymis (secondary hj droccle), or it maj arise 
Without obvious cause (primary liydroccle) 

Secondary hydrocele accompanies scute or chronic mflamindtion of 
the testis or epididymis, such as gonorrheea, tuberculosis or sjphilis, 
and it IS sometimes associated with testicular tumours The fluid 
varies m character according to the cause, and it is generally small in 
amount, though sometimes sufficient to mask the enlargement 

Primary hydrocele mav arise at ony time of life It has been obsen cd 
in infancy and it is not infrequent m old age, but it is most common 
during the fifth and sixth decades Tlic tunica vagimlis becomes 
distended and assumes a chinctcnslic piriform shape Owing to tlic 
anatomical disposition of the tunica the testis lies below and behind 
the hj drocele IMien the amount of fluid is great, the testis becomes 
flattened from pressure and may undergo a certain amount of 
fibrosis 

The fluid of a hydrocele is straw coloured and of watery consistency, 
and Its amount varies from a few cubic centimetres to a litre Its 
high protein content renders it valuable as a bacteriological culture 
medium 

Loose liodics may occur withm a hjdrocelc, their origin can be 
traced to fibrinous deposits on the surface of the tunica vaginalis 
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Tht cause of pnmarj h^ droceic is not fiillj understood The highly 
albuminous character of the fluid indicates that it is not a mere 
transudate In most cases, the epididymis is thickened, cedematous 
and somenhat rongcstcil, 'whilst in older patients the prostate is often 
enlarged and the bladder neck inflamed On the basis of these observ a- 
tions some authorities rcgartl hydrocele as secondary to n low grade 
infection of thes\holc 
genital sy stem 

A hydroceh of the 
cord is a similar con 
dition affecting a per 
sisling portion of the 
processus sagmahs in 
the spermatic cord 

A hydrocele of a 
hernwl sac is not iin 
common in either 
femoral or inguinal 
hernn It is a codec 
tion of untcry fluid 
which forms when the 
orifice of the sac is 
occluded, and it is 
generally due to nd 
hcsion or impaction of 
the omental content of 
an cpiplocelc at the 
neck of the sac 

A hydrocele xetth 
persisting processus 
lagtnahsis a collection 
of fluid in a sac com 
municating with the 
general peritoneal 
ca^ ity, and it may be 
due to any form of 
peritoneal e ff u s lo n 
The misnomer con 
genital hydrocele is 
sometimes applied to the condition Young persons are affected most 
often for m them the processus is most apt to be patent In such 
subjects the cause of tlie effusion is often tuberculous peritonitis In 
older persons the effusion may be an ascitic collection in disease of the 
heart or kidneys, or it may be due to chylous ascites or malignant 
disease of the peritoneum 

Hsematocele Hiematocele may result from a crushing injury to 
the testis as m vaulting, jumping etc Considerable shock attends the 
injury The tumca vaginalis is filled with blood which may or may 
not clot The surrounding tissues of the scrotum are greatly discoloured 
from extra\asation of blood If the blood is not evacuated from the 





(SpMdrtnjpo/srr / IT SfrWAm ) 



660 DISEASES OF THE MALE GENERATIVE ORGANS 

tunica ' aginalis organisation occurs and leads to a hard and heavy 
swelling of the testis 

More often the hscmorrhage is attributable usuallj to a direct blow 
upon the scrotum or toinjurj to avein during aspiration of the hydrocele 
fluid Less coramonh the hxmorrliage conics from a tumour of the 
testis or it maj be attributable to blood diseases such as hTmophiha, 
scur \'5 or sea cre anaimia 

The effused blood clots and e\cites an aseptic mflammatorj reaction 
m the wall of the sac Subsequentlj joung blood vessels maade the 
clot and eventuallj its outer lajers become organized and fibrous 

In an old standing himatocele the wall of the sac is greatly thickened 
and indurated and it may even become calcifietl The inner surface 
remains rough and sliaggj , and discoloured by blood pigment The 
testis becomes embedded m the new fibrous tissue and maj be almost 
indistinguishable 

CYSTS AND TUMOURS OF THE EPIDIDYMIS 

Cjsts in connexion avith the epididymis are common , tl ej may be 
small and multiple but more often arc single 

Multiple cysts are usually situated in the liead of the epididymis, less 
often m the body or the tail The condition occurs in middle-aged 
men, and is often bilateral The cysts vary m size, but they are 
seldom larger than a pea , thev are tlun walled tense and firm, and 
contain transparent or turbid fluid in which there may be spermatozoa 
The origin of the cysts is uncertain they are said to arise either in 
remains of the Mullcrnn duct or from dilatation of the tubules of the 
epididymis 

Single cysts are more common and may occur m early adult life 
The cy St mai he unilocular or muUiIocular and mai attain the size of an 
orange It is usualK situated outside the tunica xaginahs but may be 
withm it and arises cither between the globus major and the body of 
the testis ot above the epididymis As the cyst increases in size it 
separates the cpidiihmis from the body of the testis, and the vasa 
cfferentia may be stretched over the cyst 

The wall of the cyst is fibrous and often thick, and is lined with 
columnar or flattened epithelium Tlie cyst contams opalescent milky 
fluid of alkaline reaction vihich on standing separates into two layers 
the upper clear and the lower milky , it contains lymphocytes, fat 
globules, epithelial cells and spermatozoa In most examples a com 
munication between the cyst andn seminal tubule may lie demonstrated 
In some cvsls the fluid is clear and no spermatozoa arc present 

In the majority of instances a evst of the epididymis arises from 
rupture of one or more of the vasa cfferentia at the lulum of the testes 
It is likely that others originate m vestigial remnants similar to cysts 
of the broad ligament Thus it is bchev cd tliat a cy st ma\ arise from the 
hydatid of the testis (Morgagni) te, from remnants of the ^^ullcrlan 
duct, from tlie paradidvmis (organ of Giroldcs), te, rimams of the 
Molflian body, or from llie vosv abcrrantia — normal diverticula of the 
inferior end of the ductus deferens 
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Tumours of the epididymis nre \ery rare Simple tumours, such 
as lipomn, fibroin i, nilonomi anil Icioimonn, which are tlie niturnl 
outcome of the anatomical stmeture, h-ivo all been encountered Thej 
are seldom larger than a walnut Sarcoma of either spindle, chondro 
matous or melanotic type has been obsened m a few instances 

\ carcinoim may arise from the cpitbclmm lining the tubules It 
has been obser%cd most frcqucnllj in carlj adult life, is usually smalL 
irregular and noduhr and may be mistaken for chrome indammatory 
cnlxrgement of the epididymis It may extend along the spermatic 
cord and may msoUc the coats of the scroiunx The tumour, tbougli 
usually small, is \cry malignant, and metastasis to the retroperitoneal 
glands and the lung is common Microscopically, epithelial tumours 
of the epididymis arc generally of ndenocaremomatous or rarely of 
squamous cell pattern 


SYPHILIS OF THE TESTIS 

The epididymis on one or both sides may be enlarged temporarily 
during the florid stage of sy^ihihs Enlargement is confined to the 
globus major and is painless and may therefore be unnoticed Probably 
the undcrU mg cause is an inflammatory affection of the tubules 

Since the institution of cfTectnc methods of treatment of primary 
sypluhs, tertiary lesions, formerly common m the testis, ore now 
seldom obser-cd , but when they occur they almost always mioHe the 
body and its investing tunics 

Subjects of inherited sy phdis may dcaclop orchitis, which is usually 
bilateral It is commonest m infancy or m the second or third year, 
and syphilis is the only common cause of testicular enlargement m 
early life The testis is usually about the size of a pigeon’s egg and is 
hard and painless The orchitis may be a ery indolent, but very seldom 
culminates m gumma formation ^Mien occasion for pathological 
examination Ins arisen, it has been noted that the connective tissue 
between the tubules has been greatly thickened and ini aded by lympho 
cy tes and plasma cells 

In adults suffering from acquired syphilis the testis, usually of one 
side only, may be the seat of clironic enlargement, especially after 
the second to fourth year follow mg infection The disease may take the 
form of diffuse interstitial orchitis or be of a gummatous character 

In the diffuse form there is moderate enlargement of the testis of 
gradual and painless onset The testis may retain its normal shape 
or become spherical It is hard and woody and is generally devoid of 
sensation There is often a moderate sized effusion of serum w ithm 
the caMty of tlie tunica aaiginalis Later the tunica vaginalis may be 
obliterated by adhesions Tlie tunica albuginea may be the seat of 
nodular thickening but the epididymis is unaffected The substance 
of the gland is infiltrated by newly formed connective tissue disposed 
radially from the retc testis , and, when cut, the testis retains a flat 
surface as the tubules are restramed by the fibrous infiltration 
Occasionally there is a small central gumma, and less often multiple 
areas of degeneration Complete atrophy of the testis may finally occur 
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In the gummatous form the appeannee of the testis \ anes atcorthiig 
to the stage of the disease and the amount of fibrous infiltration Tliere 
maj be a single homogeneous 5 ellow necrotic mass in the centre of the 
gtejish ted glandular and opaque fibroiistissue which maj increase until 
the entire testis is in^ohed or there ma> be multiple small areas of 
degeneration amidst a granulomatous and enlarged testis , such areas 
usuallj coalesce and ma\ destror complete!} the secrctor\ tubules 
From extension of the s}’phihtic process the scrotal tissues mas be 
infiltrated so that fmalh the skin and dartos muscle ma} be inaohed 
Rupture on the sLm surface maj lead to a t5*pical sloughmg sjqihiUtic 
ulcer or the diseased testis cotered bj a fungous mass of granulations 
ma} project on the surface with the scrotum retracted around it 
The testis may herniate to such an extent that scarce!} an} part of the 
organ is contained within the integuments of the scrotum 

TUMOURS OF THE TESTIS 

Few subjects m surgical pathologj ha\e gi%en rise to such difiicuUj 
in classification and mterpretation as that of testicular tumours The 
difiicult} was the outcome of the complex bistopatholog) of these 
tumours and of the error of draniog conclusions from an examination 
of only a limited portion of o tumour Now it is insisted that examina 
tion of man} parts, preferablj b> the large section and b} special 
methods of staining is essential if all the components of the tumour 
are to be classified correct!} E\en with these refinements the nature 
of the tissues ma} be difficuU to define Careful investigation of large 
series of cases has helped to dispel some of the confusion that has 
existed and as a result, the older nomenclature and classifications 
which were either misleading or cumbersome have been rev iscd and 
simplified Two well-defined groups are now recognized (1) The 
teratoid tumour and (2) the germinal cell tumour (the commonest) 
know n as seminoma usual!} (spennato evtoma) the first is the common 
title \ cry rarely a teratoma and a seminoma coexist separately m the 
same testis There is m addition a verv rare ty’pe of tumour which 
originates ui the interstitial tissue of the testis — interstitial ccH 
adenoma 


Cggeral Features ol TesUoilax Turonurs. 

Alost tumours of the testis ore malignant or potentially malignant 
and develop m adult life, a few, such as the teratomatous cysts, may 
be present at birth In rare instances the disease attacks both testes 
simultaneously, or the remaining testis may be affected some time 
later Malignant disease may attack a retained or cclopic testis and 
tl ere seems to be good evidence that such maldcvclopmcnts mrreases 
the habOit} to raaligiiancv A history of injury m relation to the 
occurrence of the tumour is present in almost 20®^ of instances The 
tumour may be very small or may attain la^ dimensions sometimes 
rapidly after a long period of latency Tlic initial site of the tumour 
(particularly the teratoid variety) is usually the mediastinum of the 
testis, deep to the tunica albuginea and ns grow th proceeds the testis 
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js graduall) comprcs-scrl so that finall> jt may appear as a wafer at 
the pcnphcr> of the tumour, or it ma> be mcorporntcd m tlje tumour 
Tlie cpKhd\mis remains long unalTccted A small h>drocele or 
ha.matocclc ina\ lx: present, cspeciaUj after injurj 

The urine from subjects of testicular tiunour contains gonadotropic 
hormones vrluch arc responsible for the positue Aschhcim Zondek 
reaction In most the h>*popU>scnl hormone predominates, in n few 
a chorionic hormone The hormone output is higher in seminoma than 
teratoma and greater m embryonal ndenocaremoma and lughcst m 
chorionic carcinoma The test, both qualitatively and quaiititatu cl> , 
ma> Iw of some s alue m dm^iosis and prognosis A semmomatous tjqie 
of tumour associated with an increased evcretion of JiiTophiScal 
hormone is radio sensitive and the prognosis is rehtnely good In 
tumours associated with an output of chorionic hormone the prognosis 
IS poor because the tumour is resistant to irradiation 

Secondjjrv gr/>n>ihs from iesifi wJar ivmaurs may resa}t from miasion 
of Ijmph acsscls or of aems L>mph home metastases are usually 
noted first m the lumbar glands , the in^mal glands are not affected 
except m the rare esent of the tumour haMng m\oI\ed the scrotum 
Blood borne metastnscs are common in the lungs and ma> be present 
later m other organs Siiontancous disappearance of metostases is 
known In general tumours of the tostis lia\e a high degree of 
mahgnancj it lias been estimated that survival after ten vears 
occurs m not more than 25% of instances 

The Teratoid Group of Tumours 

A teratoid tumour usually appears between the ages of thirty 
and fortj It maj be smooth or lobulatcd soft or hard , at first its 
growth is limited by the resistance of the tunica albuginea, so that for 
long the enlarging testis retains its shape It ma> give rise to an effusion 
of clear or gelatinous fluid m the tunica \aginahs, but the effusion is 
seldom considerable and is not bloodshuncd unless injury (as from 
exploratory puncture) lias occurred 

On section the testis may be obvious jjt the summit of the tumour , 
it may appear normal, but more often it is compressed and appears 
as a narrow strip of tissue separated from the tumour by a con 
densed fibrous layer or capsule {see Fig 294) The tumour may be 
homogeneous but frequently it shows areas of hiemorrhage or necrosis 
or cj Stic spaces containing gelatinous material Cartilagmous nodules 
are often present, and may be so abundant that the tumour lias the 
appearance of a chondroma 

Slicroscopically , the most arresting feature of a teratoid tumour 
IS its complexity. The tissues may be of great variety and may be 
mature or embry onie, and it may be impossible especially in the case 
of atypical glandular structures, to specify their character In some 
examples differentiation may occur to a remarkable degree and a part 
of an entire adult organ may be reproduced But generally the tissues 
are disposed m a haphazard manner without more than slight attempts 
at specific associations 
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OccasionaU\ one ol the component tissues occurs in great profusion 
and maj appear to suppress others There are, for example, rare 
tumours of the testis -which have the appearance of chondroma, fibroma 
adenoma etc , but which can be shown b\ more thorough exammation 
to be teratoid tumours m which one t\pe of tissue preponderates The 
teratomatous cs'st and ehonomc carcinoma described below are 
e-^ampIes of such one sided growth in these cases the ectodermal 
elements 

For descnptne purposes it is convenient to catalogue the manj 
tissues which maj be found in testicular teratomata according to the 
germ la\er — ectodermal entodenaal, and mesodermal — to which thev 
mai be assigned and on this basis the following table indicates the 
tissues which ma\ be represented 


Eeirtdsrmtd 

Stratified s(]uanious epi 
Ihetium with or -with 
out keratmiution 
llair 

N'uro-epithel um which 
maT assume acinar or 
pop Ilary formations at 
moat indist nguishatte 
from glandular struc 
tures 

Melanin p gmented cells I 
Trophoblastic epitliet um 


I EnUtdemai 

1 Glandular tissue of inies 
I tinal type someUrnrs 
with mucus secRl ng 
cells 

I Glandular structuies 
sometunes unspecific 
but often identical with 
tbethTToid tbeaalii'ary 
gUndsot bser 
Ciluted epithet tun re- 
tembbog the bronchial 
mucous membrane 


Slesodermal 

All gradations of >oun;; 

rbrobloslic tissue 
Myxomatous tissue 
Fat 

L\'7nphojd tissue 
Miucie fibres especially 
phin 

llyabne cartilage. 

Bone sometimes with 
hxmopoietic tissues 


A testicular teratoma ma\ be composed of a fear or a compIe.xit} of 
the aba>c tissues Superfictalh the) maN appear to be disposed in no 
particular order but none the less there is oRen a suggestion of corrcia 
tion of particular tissues For example tlisscrv noticeable that glan 
dulat epUhehum cspccialh of intestinal t-\*pe is often associated with 
\oung mcscnclismatous tissue in which there mav be plain muscle fibres 
and aggregations of h-mphoid tissue Epithelium hke that of the respire 
tory tract is often found m proximitv to bars or nodules of cartilage 
Erabrj onic tissues of the nervous sjslcm maj occur alongside tissues 
resembling nerve-sheath elements or a meninv like sheath In associa 
tion with squamous epithelium there maj be hair follicles, arrectorcs 
pilorum, sebaceous material and fat Probablv thesespecificassociations 
connote an abortne attempt at rcptoduction of adult structures and 
are identical with the correlation of tissues which occurs m earlj 
development 

Some teratomata of the testis present such characteristic features 
as to warrant more detailed consideration 

Tn-deimal Teratoma (Fibroc>‘5tic Disease) This is one of the com 
I moncst tvpes it usuallv grows slowlv, and ma\ appear to be benign 
\ On section its appearance v anes according to the rclativ e proportion of 
'cysts fibrous tissue and cartilage Areas of softening and degeneration 
lire often present m some part of the tumour Mtcroscopicallj , a great 
liinctv of tissues mav be present but the predominating elements arc 
{pi ts lined liv an\ tvpe of epithehum stroma which is vers cellular 
tesu of embrv onic tvpe and a variable quantilv of hv aline cartibge 
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I rom the pathological side it is important to recognize the great 
malignancy of the tumour All the tissues maj participate m this 
nctniU m ddferent degree, but \cr\ 
commonlj the gHndular elements shon 
the most nctisc proliferation 

Teratomatous or Dermoid C>st 
This IS the rarest testicular Icmtoma 
it resembles in njl respects eveept size 
the common oiarian teratomatous cjst 
(see p 700) The tumour is present 
at birth, and groNs s % er\ s1o\vl> Mor 
phologicnlls it represents csccssive 
cpibKstie oiorgTQuth in a teratoma 
The tumour is cjstic and locuintcrl, 

IS lined ^vlth stratified epithelium 
and contmm sebaceous mntcnnl nnd 
hair Part of the tumour is usualh 
solid and this portion usually contains 
cartilage, bone, and ncr\c elements 
Malignant tr vnsforinalion seldom occurs 
m tins t)pe of tumour, but it is not 
unhnoun 

Chorionic Carcinoma This tumour 
uliicli IS probablj morphologicallj idcn 
tical ujth chorion epithelioma of the 
uterus IS rehtneh rare (1®©) The 
tumour IS usuallj smalt and on that 
account maN be o\ crlooked it is soft 
and IS serj liable to necrosis and 
lia-mortlngc and s|K>ntaneoiis retro j, Temloii a inlis ».ih 

grcssion has been ohscrswl ^Iicro jn\ol\ctncntofskinofsorotitm 
scopicalK it IS composed of sjmcjtinl scMndarv dc^siis m the 

* 1 1 , * i nal glands The bodj ot 

masses and cells so arranged ns to ihe testi* is stretched ow tJ>e 
resemble troplioblastic tissue surface of tl e t imo ir 

The sjmcj'lial cpithchiini lias the 
property of eroding blood scsscis, and thus causes extravasation of 
blood , for the same reason it usually gi' cs rise to metastascs in the 
lungs and later m the liver The secondary growths appear as 
liTmoirhagic tumours which may become very large 

A chorionic carcinoma may be responsible for breast activity in the 
male and the pronounced Aschheim Zondek reaction indicates a high 
prolan output 

Malignancy and Metastases in Teratoid Tumours Teratoid growths 
acconbng to nil stmidards are e-xtremelv malignant and the surv iv al 
rate IS depressing}^ loir It is important to realize tliat a teratoma may 
giv-e rise to metastases and death while the pnmarv tumour is still 
small but in most cases the features of naalignancv are evidenced b\ 
fairly rapid increase m size of the testicular swelling 

In the majority of teratomata malignancv is a property of the 
Trhole tumour and shared by several or all of its component tissues 
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thou'»h not alwa%-5 m equal degrees Formerlv mabgnancv was asenbed 
to e^ggerated growth of one component but this -vnew is erroneous 
In the'majonty roetastascs occur in the lumbar glands The gland 
enbiTgementmaN resultmaven buUn confluent tumour Occastonallv 
the supraclavicular glands on the left side are involved probahh as a 
result of mvasion of the thoracic duct br cancerous erohoh 

Spread by the blood stream is common and is a specialh notable 
feature of chononic caremoma 



tic i!f». r«rtioa of testicular UntoBio, khotf mg tLui hair foibles 
sebareoos glands and lat. 

The structure of the metastases is almost as complex as tliat of the 
pnmarj growth thev usualK contain two or more of the cellular con 
stituents of the parent tumour Thev ma\ show greater differentia 
tion than the pnmarv growth, but usualh the reverse obtains It has 
been alleged tliat the metastases maj contain tissues not present 
m the pnmarv growth but this assertion is probablv erroneous and 
based on an insuflwnentlv thorough examination of tie pnm«r\ 
tumour 

The Ongm of Teratoid Tumours of the Testis There arc mans 
speculations on t! is subject and until our Inowl'xlge of the ongin of 
teratomata in general is on a more sure foundation dogmatic statements 
are scarcch permissil !e ProbabH careful examination of serj earh 
cases might help to clear up some of the doubts 

Following the theorj of Cobnheun tliat tumours aits'* from 
“ embryonic rests it lias been suggested without m ich confnnati n 
tliat teratoid tumours anse from remnants of the \\oJfran bod\ Others 
have suggested llial lhe\ anse from ordmars sex or jtrminal cells b\ a 
process analogous to parthenogenesis and that tl erefore a teratoma 
represents a distorted fortus , tfaistheoTy,thoughsuperfciaIlv adequate 
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has not been upheld Marchand and Bonnet advanced the hypothesis 
that a testicular teratoma might be dcri\ cd from an isolated blastomere 
detached from a segmenting o\um>erj early m cleavage Ihis last 



tio "lltf Sen inoma of tie Ir’tw Note tie congJated flu 1 in Ibe 
tun en ^agma1ls 

(iT grrw OMrrn^o^Si'nivrffi t 

View may account for some cxtmgenital teratoma but it fails to account 
for their great predilection for the oaary and testis 

As teratoid tumours grow from the region of tlie rete testis tvhere 
de\ elopraental errors Mould be most expected it is believed that they 
arise from pnmitise undifferentiated cells with plunpotent characters 
that originally arose in the mesothchum of the genital ridge but failed 
to develop or to become connected witli the secretory tubules of the 
testis 

The exciting cause of the neoplastic development is not definitely 
known but trauma appears to play an important part 

The Seminoma Group of Tumours 
This IS the commonest tumour of the testes It may occur at any 
period of adult life but is commonest between the ages of twenty and 
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fc-*v Tb** tsiniour jrobabJv arises from lii* feiciiimal epitfcebaia 
of the «ecTe‘o-v tuhslea. o' the testis, it «lowi\ than 

terato'd torcours and 
03 aa areraje, reaches 
the «tze of a closed fi-l 
withm twt) Tears. The 
tinntKirs (and the meta 
«tase£) are tct radio- 
<en«.tiTe. 

In shape the tomotir 
IS sphm^ O' oTo*d. 
It i> firm and vi’^d, and, 
cxcep*^ fo' areas of 
himoTha^e O' o' de- 
g«ieratioa wfcidi are 
o'Im presort, i* is o' 
a homogen^^j* eonsrs*- 
encT Tb- ca* «arface 
i> fieshv O' g^tmojs 
and js in*erse<ted b% 
fibroas septa which 
mar produce ao 
appeaiasee of lobola* 
twa. Tb» ep*didTmA> 
Esae be uaiavolred, ft,sed to the tijnocr ©• indjstinjubhable 

'Lcrocop ally too of thii show eonsjderaV- ladindaal 
vanatios, and eves in 
the same tuscK,r the 
appearances mav no‘ 
be umfota. In v>sr“ 
tumours the cells are 
lars» with dear cvto- 
plasm, and resemb’” 
the sreimstocrtes of 
Ih* testicular tubules 
in others the celU are 
smalls tnJi daiid^ 
stammg n"clei and 
m^'ch less crtoplaCT , 
whll* in olh*ts the cdls 
rcsemVe Innphoevtes. 

Like the cdls of the 
normal testis the 
tumour cdls are of»en 
markedly eosmophILe 
Tbe cdls are t^r-allv 
arrenjed in sheets or 
bands and mitotic 
figures ina\ be numerous \a embrsiKial ad-rKKaremoma’o.is trpe 
sometimes oceurs A chatactenstie feature is the presence of »^-«n 
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IjTnphocj Ics embedded m small or lai^ groups amongst the epithelial 
cells Tlic blood \ csscls, ns m other carcinomata, are often svcil formed, 
but in man) instances tliej arc Ihm walled and of embrj onic type 

In some examples there is evidence of marked anaplasia and the 
features of a carcinoma and of a sarcoma are blended — carctno sarcoma 
Usuallj the cells arc mostl) of a carcinomatous character, but, m 
addition, there are large, round, oAal or spindle tjpes, suggestne of 
sarcoma 

Tumours of the seminoma group metastasize chieflj by the lymph 
\csscls, but occasional!) they Mia\c like a sarcoma and gne rise to 
sccondar) growths m the lungs 

Complete disappearance of roetastascs Ins been witnessed following 
castration 

Origin of the Seminoma Group of Tumours It is generally 
admitted that these tumours resemble anaplastic carcinoma m other 
glandular organs and that the) arc dcrt\e<l from precursor cells of the 
spcrmatogonnim of the testicular tubules — “embiyonal carcinoma ” 
This IS borne out b) the obscrsation that it is sometimes possible to 
trace transitions between normal and almost normal seminiferous 
tubules and frankl) malignant tissue , and, in addition, the cells are 
usuall) so specific in t)pe that a common origin is the more hkcly 
Xcscrtheless it must be stated that some obseners liave attempted to 
explain the origin of the tumour on the basis of a one sided des elopment 
in a teratoid tumour 

Interstitial-cell Tumour This is a xery rare tumour It is of 
adenomatous ij-pe and afTecls the liod) of the testis it is small m size 
and lightl) encapsulcd and traxersed b) fine trabcculi? winch render it 
lobttlaled Its special feature on cross section is its brown colour 
Malignant change xvitli metastascs 1ms occurred m a few examples 
The Aschhcim Zondek test ma) be posiluc, and features related to an 
excessisc output of oestrogen base been noted Histologically as 
xvould be expected from its origin, it sliows disorder!) solid masses of 
pol) gonal cells m lobular formation The cells has e a granular and 
particiilarl) acidophilic character 

The tujsc^r jJjould hr regarded as a xeiy Tsut- cause of innocent 
testicular enlargement 
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Ihe bloo<l there is « free discliargc of mucoid secretion from the glands 
At one time it uas believed that the greater part of the endometrium 
ivas cast, but this \iew is probab)} erroneous, and in normal circum 
stances the loss of tissue is minimal 

(3) Post menstnial tnvolulwn is clioraclerized by retrogressive 
changes m the endometrium The blood \cssels return to normal size, 
relief of oedema and congestion allows the membrane to shrmk to its 
former thickness, the clfused blood is absorbed and the proliferated 
cells atrophy and disappear The glands m collapsing assume a tortuous 
or plicate arrangement, which m microscopic sections may gise a 
confusing picture, ns of ncim witlun acini 

(•1) The intenal is of short duration Durmg this period the 
endometrium enjoys a period of rclatise quiescence, and any physio 
logical loss sustained during the actisc phases is made good It is 
important to note that the endometrium is neier in a true restmg 
phase The phase of repair merges witli that of renewed activity, 
and in microscopic section the features of the two pliases are often 
blended 

RelaUon of Menstruation to Ovulation and Reproduebon It has 
long been recognized tliat tlicrc must be a close rclationslup between 
ovulation, the process whereby the mature o%mjn is discliargcd from its 
follicle at the surface of the o^ar>, and the c>clc of menstrual clianges, 
but their correlation in time is not easily determined Opportunitj 
for obsenation of the bcliaviour of health) ovaries is rarely obtained, 
and research upon animals is complicated b) the circumstance that few 
animals menstruate, and that the <£strus cycle in animals is not the 
counterpart of the human menstrual cjcle 

It IS believed, however, that m women vvitli regular menstrual 
cycles, ovnilation occurs regularly once a month, and it precedes and 
determines the menstrual flow The time relationslnp of menstruation 
and ovulation has been studied bj correlatmg the menstrual histones 
of gynicological patients with the appearance of mature or newly 
ruptured follicles in the e-ctirpated ovaries, and from these observations 
it seems probable that ovmlation occurs thirteen or fourteen days before 
tlie menstrual flow, that is, shortly before the commencement of the 
phase of premenstrual hypertrophy 

Slodem v lew s ui regard to the significance of menstruation emphasize 
the especial importance of the stage of picmenstrual hypertrophy 
It is believed tliat this process is designed to prepare the uterus for 
conception, and that if pregnancy occurs the endometrial hypertrophy 
passes insensibly into decidua formation If fertilization is not achieved 
the hypertrophic state being superflous comes to on end, and the 
menstrual flow begins Thus the menstnial flow is not a preparation 
for pregnancy but an indication of failure to conceive 

Ovanan Hormones The ov'sry exerts a hormonal control over the 
whole cycle of menstrual changes, for removal or destruction of the 
ovaries mvariably produces an “ artificial menopause ” 

In recent years it has been demonstrated that there are at least 
two types of ovarian hormone, derived respectiv ely from the Graafian 
follicle and the corpus luteum 
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Gonococcal endometritis is common, but is nc\er very acute, and 
IS usually obscurc<l by the more obv lous elfects of gonorrheea upon tlie 
urethra, ccrvit and uterine tubes Occasiomlly acute endometritis 
follows the use of infccterl instruments for minor operative procedures 
Rarely the infection is bloo<l borne, and it ma> occur m the course of 
zj motic diseases, acute tonsillitis, and analogous affections 


Puerperal Endometritis 

The uterus ones its great susceptibility to puerperal infection to the 
presence of the large placental site composed of spongj decidua without 
epithelial covering Tins forms an ideal nidus for bacteria, and its 
large blood v cssels closed only by recent clot prov ide a ready a\ enue by 
which infection may reach the blood stream 

It was formcriv the custom to distinguish two Ijpes of this disease, 
(l) putrid endometritis due to saprophj tes, and (2) “septic” endo 
metritis due to bacteria capable of invading living tissues 

It IS now generally acknovv fedged, however, that this classification is 
somewhat artificial, for saprophytes rarely exist alone, and parasitic 
organisms may possess anj degree of virulence 

In general, two mam types may be recognized — 

(a) Surface infection of the uterine wall 

(b) Deep infection of the uterine wall 

(а) Surface InfecUon lothcmiWcstformsofcndometritistheetfects 
arc those of a localized inflammatory process The endometrium is 
cov ered with soft, dirty slouglis and bathed m foul purulent lochia, and 
the uterus is enlarged, adcmalous, and flabby from toxic paresis 
■Microscopically, the most striking feature is the great vigour of the 
reaction Dacteria and necrotic areas are surrounded by healthy 
leucocytes, wliicli form dense barriers and eflectively prevent invasion 
of the deeper tissues 

(б) Deep Infection In its more severe forms the disease resembles 
a spreading cellulitis Sloughs are present on the surface, but the exu 
date IS somewhat thin and often scanty 'Microscopically, the organisms 
are seen penetrating deeply amongst the muscle fibres, which are 
cedematous and degenerate Polymorph leucocytes are relatively 
scanty, and the infection is not circumscribed m any way 

Complications. The great danger of puerperal sepsis bes less m 
toxic absorption from the uterus than in the risk of spread of the infection 
to other parts 

One of the commonest complications is cellulitis of the connective 
tissues of the parametrium and broad ligaments This may arise by 
direct extension of the disease through the uterine wall, but it is due 
far more commonly to direct access of the organisms through a laceration 
of the cervix uten 

Pentomtis may occur, either by spread of the mfection along the 
tubes or, rarely, as a result of rupture of the uterus durmg deliv ery 
Peritonitis is generally due to infection with haemolytic streptococci, and 
is always of grave import 
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risk IS greatest of all, moreoxcr, tvhen any form of mten ention becomes 
neccssarj , espccnllj the manual removal of the pheenta 

CHRONIC CERVICAL ENDOMETRITIS (Cervical Erosion) 

The cervix uten is lm«l on its inner aspect by mucous membrane 
similar to that of the body of the uterus, but njth someuJnt taller 
columnar cpithclnl cells and more numerous mucous ghnds On its 
outer (vaginal) aspect it is covered by squamous epithelium continuous 
with that of the vaginal fomiccs The mucous membrane of the 
cervical canal is of deep red colour, the external squamous covering 
IS pale pmk, and the junction of the two is situat^ exactly at the 
external orifice 

In a cervical erosion the appearance is quite different, for the deep 
red mucosa transgresses its normal limits and appears on tlic vaginal 
aspect of the orifice ns an irrcgularlj rounded area the colour of a ripe 
straw berrv The surface of the area is unbroken (there is no true erosion 
or ulcer), and it may be smootli or shgUtlj granular Not infrequently 
it IS studded wiUi small bluish cysts (Naboths ovnilcs), winch result 
from dilatation of the mucous gland acini Laterally the “ erosion ’ 
merges gradually , in an lU defincilhneoftransition, with the surrounding 
squamous epithelium 

Microscopically, the surface « usually covered by columnar 
epithelium, but this may later become replaced m patchy fashion by 
squamous cells Deep to the epithelium there arc numerous glands 
like those of the normal cervical emiometnum but more complex in 
structure and more closely set Collections of ly mphocytes and plasma 
cells are present m the stroma 

Chrome cerv ical endometritis usually occurs as a sequel to gonorrhma 
or to the low grade infection of a laceration of the cervix, but it may 
dev elop when there is no cv idence of prev lous disease, and it is not 
unknown in viigins On this occount it lias been suggested that the 
condition is not infective but is a simple overgrowth of glandular tissue 
There is, howev cr, but little support for this v lew, and there seems little 
iJoubt that the rxvodJljOD jls a rvs-iAl of rJu-omc infectioji, aggravated 
perhaps by the imtativ e effect of the acid vaginal secretion upon exposed 
endometrium BacteriologiC4al examination usually rev eals the presence 
of more than one organism, and this is not suipnsmg m view of the 
varied bacterial flora of the vagina Streptococci, hemolytic or non- 
hamolydic, are common, and coliform bacilli, diphtheroids and staphylo 
COCCI may be present Tliat elusive organism, the gonococcus, dies out 
so quickly and is cultivated with such difficulty that it can rarely be 
demonstrated, but its causative influence may sometimes be suspected 

CHRONIC CORPOREAL ENDO^IETRITIS 

Chrome corporeal endometritis may occur as a sequel of definite 
acute or subacute infections, such as puerperal sepsis or gonorrlicea, 
or it may occur in women who have had no previous uterme disease, 
and may ev en be found in v irgms Two main types may be recognized , 
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(1) the hypertrophic type, (2) the atrophic type Atrophic endometritis 
IS not uncommon in elderly women, and may then be recognized as a 
distinct tjTie, the senile type Rarely tuberculous endometritis occurs 

( 1 ) The Hypertrophic Type In this condition the principal changes 
occur m the mucosa of the body of the uterus, but the cervical 
endometrium may be affected to a limited extent On nahed eye 
examination the most strikmg feature is the great thickness of the 
mucous membrane, which is soft, xelvety and congested Often the 
whole mucous surface is covered with small raised nodules, and some- 
times larger elongated or polypoidal masses project into the lumen 

The increased thickness of the mucosa is due principally to great 
bj-pertrophy of the glands, which become elongated and verj tortuous 
The epithelial cells proliferate and increase m size and become distended 
bj mucus to goblet shape The acmi may be dilated with retained 
secretion Thus tlie condition is somewliat similar to that of the physio- 
logical proliferation of the premenstrual period Sometimes the glandular 
proliferation is so extensive as to suggest a neoplastic cliange, and indeed 
the condition has sometimes been termed “benign diffuse adenoma” 
The stroma of the mucous membrane usuall) presents the signs of chronic 
inflammation, and is mfiltrated by granulation tissue with lymphocytes 
and plasma cells but m some cases mflammatoTy cells are scanty or 
absent and the stroma is fibrous The blood vessels are often thick 
walled and partially occluded by fibrosis 

Hypertrophic endometritis was formerly regarded as the result of 
infection but the absence of obvious inflammatory change cannot be 
Ignored and the condition is now believed to result from proliferative 
activity of the endometrium associated with endocrine dysfunction 

(2) The Atrophic Type Tlus condition is most common after the 
menopause (senile type), but it may occur at on earlier age It differs 
from the hypertrophic type in that the endometrium is not thickened 
by the ov cigrowth of glands and stroma, but is thin and atrophic The 
epithelial cells on the surface and those lining the glandular acini 
become flattened, and many degenerate and disappear, so that 
eventually on microscopic examination few glands are seen, and such 
as remam arc small and inactive The stroma may contain granulation 
tissue, lymphocytes and plasma cells, but often there is merely fibrous 
tissue and no other cv idence of inflammation 

It has been suggested that often ibc atrophic ly'pe of endometritis 
IS not a bacterial disease but an atrophic process rcsultmg from excessive 
or abnormal post clunactenc involution It is a disease of great 
importance clinically, for it gives rise to the discharge of blood stained 
purulent secretion, and may thus be mistaken for a carcinoma of the 
uterus 


CHRONIC METRITIS (Fibrosis Uleri) 

This condition generally shows itself after the age of forty years, 
and III 00% to 95% of oases affects parous women It is essentially an 
affection of the fibro muscular vrall of the uterus, and the endometrium, 
though sometimes involved, is not necessarily so 
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The uterus is cnhrgctl symmetrically, and tlie consistence of both 
the body and the neck is firmer than normal The enlargement is due 
to the thickness of tlic wall, uhich may increase from the normal areroge 
of 10 to 15 mm to 25 mm or more In some cases the increased 
thickness is due to the presence of an excess of fibrous and elastic tissue, 
but usually in addition to this there is distinct hypertrophy of the 
muscle fibres \\ hen the uterus is cut it is seen tint the w all is denser 
and hartlcr tlnu m henllh It is little more % oscular than normal 
and may lx; somewhat pale m colour, but the blood scssels ate 
noticeably prominent on tlic cut surface, and their lumina tend to 
gape 

The microscopic appearance differs somewhat m parous and 
nulhparous ssomcn In cither there is cxtcnsise muscular hyTicrtrophy 
and fibrosis, one or other feature often prcilomuiatnig, but m parous 
women there is also a striking increase of elastic tissue both m and around 
the blood >£$5?] walls and betiveen Die museJe bundles In citlier 
parous or nulhparous women the endometrium sometimes presents the 
appearance of chrome liypertrophic endometritis 

TJie cardinal sign of chronic melntis is h’cmorrbage, which may be 
SCI ere and uncontrollable It is belies cd generally that the luBmorrbage 
results from the great proliferation, of fibrous and clastic tissue, which 
pre\cnts the contraction of the blood ^csscIs and the retraction of their 
bleeding ends, but the alternative view has been proposed that the 
h'cmorrhagc is due to associated o\nrian dysfunction, of which there is 
often evidence in the presence of fibrosis and multiple cysts 

The nature of chronic metritis is not clearly understood In parous 
women it is usually regarded as a late result of mild puerperal infection 
or of “ subim olution ” Normally m puerperal imolution the large 
uterine arteries are replaced by smaller ones, which penetrate and 
canalize the organizing blood clot The wall of the older % essels become 
fibrous and gradually disappear It has been suggested that one of the 
chief factors in chronic metritis is the failure of absorption of the old 
^essel walls, and particularly of their elastic tissue. The muscular 
hypertrophy has been regarded as a compensatory process, an attempt 
on the part of the uterus to control and constrict its bleeding vessels 
This cannot account for the process in nullipara, in whom there is no 
elastic and little fibrous tissue formation It has been thought that in 
nullipane the primary lesion is endometrial, and that the muscular 
hypertrophy results from physiological efforts to expel the thickened 
endometrium 

FIBROMVOMA OF THE UTERUS {Fibroid Tumour) 

The uterine fibromyoma is the commonest of all tumours It is a 
simple encapsuled growth derived from the fibromuscular tissue of the 
uterine wall, and it is composed of unstriated muscle bundles and 
fibrous tissue in various proportions In small tumours muscle pre 
dominates, but increased size and diimnished \asculanty lead to the 
de\ elopment of much fibrous tissue between the bundles The tumours 
are generally multiple and numerous, and the uterus may be studded in 
all parts with nodules of various sizes In other cases the tumours are 
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few m number, and one or more of them mav reach large size Occa 
sionallv there is a single tumour 

Uterine fibrom\oma almost msanablj originates during the 
reproductive period of life particularij the latter part It is commonest 
in childless women probabh because its effects upon the form and 
> asculantv of the uterus prevent implantation of the fertilized ovum 

Structure A uterine fibromvoma is smooth and rounded and 
completely eneapsuled in condensed fibrous tissue Except when 
degenerative changes have occurred it is of hard consistcncv and 



when cut across imparts a creaking sensation to the knife Tlie 
cut surface of such a tumour is pale and glistening The muscle bundles 
stand out prominentlv and their whoylcd jirrangement gives a 
characteristic appearance as of small tightly packed balls of wool The 
periphery of the tumour has usually a plentiful blood supplv, but m 
contrast to tins the central portion is often ischamnc Central degcncra 
tion often occurs and this part of the tumour may be soft and cystic 
or fibrous or calcified 

Microscopicallv , the tumour is composed of intertwining bundles 
of plam muscle fibres separated bv various amounts of fibrous tissue 
Tlic muscle bundles run in all directions and m sections some are cut 
longitudinallv some transversely some obliqueU Tlic muscle and 
fibrous tissues are most easilv d^inguislied bv van Gieson s stain for 
the muscle fibres take up the vellow picnc acid and tl c fibrous tissue 
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takes lip the pink colour of fuchsm Apart from tlieir irregular arrange- 
ment, the muscle cells resemble Uiose of the normal uterus except that 
the nuclei are somewhat shorter and more o^ oid 

Varieties of Fibrom>oma The tumour at first lies withm the 
muscular wall of the uterus, but from increase in size and repeated 
contraction of the surrounding muscle it preludes m various directions 
on either the inner or the outer aspect of the uterus 

AU arc at first inferitiha/, and some remain in this position Inter 
stitial tumours arc commonl) multiple and of small or moderate 
size, but occasionallj Ihcj arc solitaij and large They occur with 
c^unl frequency in all parts of the body of the uterus, and occasionally 
the3 affect the cenix Interstitial tumours cause some enlargement 
of the uterus, often fairlj symmetrical Often they gi%c rise to no 
sj mptoms, or they may cause lixmorrhage and dj smcnorrhcca. 

5ii&peri/orieal yi&romj/oma is almost always multiple It vanes 
greatly m size, and one or more may attain large dimensions At 
first tlicy are sessile, but, with increase in size, they tend to become 
pcdunciilateil, and eventually may swing freeli from a narrow pedicle 
The surface of such a tumour is often well supplied with blood v csscls, 
which arc CMdent as dilated cliannels coursing over it, but the centre 
IS isclurmic Consequently subperitoncal tumours arc usually hard 
and often calcified, and they are very liable to degenerative changes 
Torsion of such a tumour is also apt to occur, especially when the 
pedicle IS long and narrow Occasionally a large tumour with a short 
petlicle may involve the whole uterus in its torsion, with serious 
disturbance of the uterine circulation Torsion of a fibromyoma leads 
to various forms of dcgcncratije change and pretlisposcs to infection 
Sometimes the tumour becomes adherent to the omentum and viscera, 
and occasionally such adhesions may be sufficient to mamtam the 
nutrition of tlie- tumour after sevemnee of its uterine attaclunent {the 
so-called parasitic myoma) 

Submucous fibromyoma is less common than the subperitoncal 
variety' and is usually solitary" It protrudes under the endometrium, 
and as a result of uterine contraction becomes pedunculated, and 
may eventually project at Uic external orifice of the uterus Impawment 
of the blood supply leads to necrosis and ulceration, often vnth profuse 
ha;morrliage 

Cervical fibromyoma accounts for less than 5% of all such tumours, 
a fortunate circumstance, for they sometimes have grave effects A 
cerv ical tumour causes great elongation of the cemcal canal, displaces 
the body of the uterus upwards, and projects forwards towards the 
bladder, backwards towards the rectum, or laterally into the broad 
ligaments In any of these situations it may cause pressure and giv e 
rise to grav e complications during parturition 

Degenerative Changes m Fibromyoma Owing to the paucity of 
its blood supply, a uterine fibromyoma is liable to degenerative changes, 
vrhere the vascularity is least adequate Degenerative changes may 
occur at any time, but they are nuwt common during pregnancy or at the 
menopause Sometimes volvulus of a pedunculated tumour determines 
the onset 
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J/tfcri or hjdxne de^merciian xs tbe comnionest tvpe It affects 
cells of both the muscnla- and the fib-ons elements of the timoar 
The lose their defim^yin, the febrina- stmctaxe is lost, and a glassv 
bvalin^ material makes rts appearance \s a remit of the d^en^fatKin 
cv^tic '^ces often dere’op inth ron^h, irrgnLar walls and rellow 
ho-'ev -co’onrcd ffmd content. Sometimes the crsts coalesce, and 
oceas ottaDv the greater part of the tnmonr b<wmes ct~*ic. 

Fed de^enerdion or retfdbtons is a cnnoQS tvpe of d^eneration 
l>*Leved to resu!» from fairlv rap d intemip'wn of the b’ood stipph 
of a vascular tumour There is much endmce to sn^^t that it is 
due to thrombor's or infarction, and that the pecuLar changes are 
dne to fettv degene-s^joa with the libera^Kta of hrmolvtic bpo d 
mbstances The condition is common dimn? p-egnarev smee a 
f bmmvoraa is then cndclv va«ciJar but it iaa\ occur at anv time 
The cei^ral part of the tranoor is affected firs*" and to the greatest 
eiten*- It becomes muffled, and m places almos*~ of fioid consistenev 
On «ec*’on it IS seen to be of deep red cokrar like raw meat and 
enh^es a s’cklv odour The led co’oor is due to hasnoglobni, whsA 
IS ITjea^ed br rap'd hsmolv<is of extravasa'ed blood cells 'Iicro- 
scop eallv them u extensive necrosis the ceDular eleneats, and ncdei 
•re absec*’ or fam'Iv stamed In lato- stages parts of the tumour 
liquefv and iregalar cvetic spaces appear, containing stni ct u rdess 
dFnt and b^ownah C^xi, Mach of the affee*ed tissue does no* becorr* 
eomp’etelr oeero'ic, and mav sumre and regenerate, hence the less 
pre'erab'e cam- tecrobj«is 

Faity degenersiiin ts verv o'^en ns^le micioseop caDr, either alone 
or with odier degeoemtrre changes, bat r* ts rarelv me* with to a degr*e 
app-ec.ab’e to the caled eve 

Cclci Section occurs most often in the avascular sabserous tumours, 
cspecallv n elderlv worcen Tb* calciun deposits mas b* scattered 
diffcselv th^nigh the tumour or mav ftr-m a thra irregular shell c^o^ 
und*^ the surface Sjmetunes the wbo’e tumour mav become calcified 
(the so-ca3»d womb-s*one) aM larelv su<i a tumour mav loosen from 
its attachment and com' to lie free m t*'e peritoneal cavity 

Infer^ion u mos* common m s’oughnig submucous fibroids In 
rub<ero.*s fibmxls i* is ap* to o'cor afte- to-sioa of the p<'d cle the 
o*gan*«ms p-'sumabV bemg b'ood borne Ra-elv infec*ion bv b’ood 
borne o*gant«ms mav ansc as a 'cquel to cecrobiosis- 

M a Lgri a n t Pange m TBno m yoma. It has been said !<», o* 
fibtimvomata eva:*nallv bi*e*r"e sarcoma*ous but general expenence 
su^'rasts that tl s it an unduls h-^h rstimate and mans .lUthonlies 
amee that ma' man* charge t> evtrerr-'h rare ‘^.^romatoas change 
has been ob'crved most comnionlv in small areas in otherwise simple 
growths and m these cases evidence has been based upon 
m-croscop ca! examination 


ENDO'IETRIO'IA ADEhO'nO'lA 

\n endom'lnoma, o' adecoiss oma. is a $ mp!e tumour composed 
of glandular tis^ eand s*roma resemWirgthecteme mucosa, sometimes 
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C^l 


jncorporatecl in misses of plnm muscle tissue Such tumours are 
obscncil most often m the tilenis but thc> m'\> arise m the o\iry 
or m other parts of the pcUis 
loner abdomen or abdominal wall 

An endometnoma occurs only 
m females, and it arises always 
ihmng the reproduct ire period 
especially after the thirtieth year 
It is rcmarhnhle m possessing a 
functional atliMU winch corres 
ponds closch to that of the 
normal endometrium It under 
goes the same cvclc of changes 
and at the incnslrual periods it 
proliferates, becomes congested, 
and discharges blood stained fluid 
llarcly it may e^cn become the 
scat of decidua formation Its 
pathological features differ some 
what according to their origin 

A uterine cndometrloma re 
scmblcs an ordinary fibromyoma 
^c^y closely, and ui some the 
distinction can be made only by 
imcroscopic c\ammution The 
tumour arises most often m the 
upper part of the body of the 
uterus, especially on its posterior 
aspect near the cornu, and it docs 
not affect the cenix In some cases it is more or less circumscribed 
but usually it takes the form of a diffuse thickening of the uterine wall 
Uhen cut it presents tv dull grey or pink appearance and may be 
cvstic Under the microscope it is seen to contain tubules or cysts 
lined by columnar epztlielial cells surrounded by a stroma like that of 
the normal endometrium the whole embedded in fibrous tissue and a 
variable amount of plain muscle 

An extra-utenne endometrioma is situated most often in relation 
to the ovaries or in the uterine tubes or the recto v agmal septum 
Occasionally it arises on the intestines at the umbilicus in laparotomy 
scars or in the round ligaments of the uterus In any of these situations 
it IS a small tumour composed of glands and stroma of endometrial 
type often with cysts 

An oiarian gndorrtfirioma is usually represented bv cysts of 
hsemoixhagic character often known os tarry or cliocolate cysts 
Often both o' anes ore affected The cysts are thick walled and usually 
are densely adherent to surrounding structures They may rupture into 
the peritoneal cavity or may form localized fluid collections in the 
pelvis {see p 702) Endometnoma tn the recto inginal septum vanes in 
size and may attain the dimension of the fetal head Usually jt is 
adherent to the v agina and rectum and it may invade these organs 



tio 30) Endometnomi of uterus 
Aciai lined by columnar cells arc set 
in a stroma of fbious tissue and 
plain mu&ele 

{D*p4rtinenl tf Palholon On rtrnljr e/ CUftMir ) 
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Endometnoma of the tnleslines is a small tumour, single or multiple, 
situated on tbe peritoneal aspect of the gut, cspecialK on the peh ic 
colon It appears as a roughening or granuLition, and gnes rise 
to dense adhesions Umbilieal endometrwma forms a small tumour 
which occupies the umbilical depression At the raenstrunl period 
It enlarges MSiblj, assumes a red or purple colour, and becomes 
painful It may become cystic or mav open at the surface and discharge 
a blood stained fluid Endometnoma in laparotomy scars occurs generalh 
after operations for ventral fixation of the uterus, and m appearance 
and beha\ lour it resembles the umbihca! tumours Endometnoma of the 
round hgcmenl of tlie uterus forms a small rounded or o^ al mass situated 
either m the mguinal canal or in the groin or labmm It is generalh 
ill-defined and adherent to neighbouring fascir, or it may be circum 
senbed and encapsuled It may be mistal.en for an omental hemn, 
and often a herma is present 

etiology ^lanj theories ha\e been advanced to account for 
endometnoma, and none is > et generally acceptable It seems probable 
that the uterme and extra uterine turoouis differ in their modes of 
origm 

It IS gencrallj agreed that a uterme endometnoma is due to 
sequestration of endometrium in the wall of the uterus or in a fibro 
mjoma, and that the isolated mucosa causes a reaction of the tissues 
around it so os to form a tumour It is believed that tlie dislocation 
of endometrium is favoured bv chronic endometritis 

The exact origin of extra uterme endometnoma cannot be regarded 
os settled At cue time it was thought tliat the tumour was derived 
from remnants of the olfHan body or of the '^I{lllenan duct sequestrated 
diirmg dev elopment, but such a thesis is inapplicable to endometnoma 
m such situations os the abdominal wall 

At present there are two pnncipal theories The first, originally 
propounded by Iwanofl in 1S98, and vigorously supported by Meyer, 
IS based upon the fact that the endometnum, being formed from the 
Mullcnan duct, is derived originally from the primitive ccelomic epithe 
hum and is thus closely allied embty ologicallv to the lining cells of the 
peritoneal cavity According to this serosa-epithelial theory , endome 
tnoma arises from pentoneal cells that have undergone metaplasia, either 
as a rcsultof mflammation or m response to excessive secretion of cestrm, 
the hormone that normally controls endometrial hyperplasia 

The second theorv, to whidi most authorities now adhere, is the 
implantation theory put forward by Sampson According to this view, 
endometnoma arises from adult endometrial cells tliat have been set 
free from their uterme bed and implanted in other sites Ilarbitz has 
shoivn tliat endometnum transplanted experimentally in rabbits 
readily takes root m other tissues, and there responds to the influence of 
ovarian hormones and undergoes the same periodic changes ns normal 
endometnum It is thought that m some cases, notablv m endo- 
metnoma in laparotomy scars, the edb ore dislocated from the uterus 
as a result of the operation trauma In olliers, the transference of endo 
metnum is bclievi^ to be due to a process of retrograde menstruation, 
wherebv endometrial fragments discharged durmg menstruation are 
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carried along tlic uterine tubes and extruded into the peritoneal 
c-w it\ 


CARCINO'IA OF THE UTERUS 

TJns IS one of the commonest of all malignant tumours In I ngland 
and oles it is responsible annunllj for tlicdcatli of o^ er 4 000 ^\omen 
man} in the prime of life This mortalitj is onU riMilIed b> that from 
cancer of the breast and cancer of the stomach 

Carcinoma may arise in the neck or m the bodv of tlic uterus and 
m these situations it differs greatly in its incidence j rogress and 
effects Carcinoma of the ccrsix uteri is common affects uomcn «ho 
ha\ c borne cluldrcn, and progresses rnpidU cancer of the hod\ of the 
uterus IS less common, occurs at a somewhat 
later age, principal!} affects nulbparx and is 
less malignant 

Cardnoraa of the Cervix Uteri 
0\cr 00% of uterine cancers arise m the 
cerMx The} arise most often during the age 
period from thirlj fae to fift} }ears — tlic 
period of functional senescence of the uterus— 
but arc not uncommon a decade earlier It is 
a striking fact tliat full} 00% of coses occur 
m women who hasc borne children and there 
can be little doubt that this incidence depends 
upon the Imbditj of the eer\ ix uteri to lacera 
tion or other damage during childbirth It is 
generally stated that women of more than 
oscrage fcrtiUt} arc cspecmlly liable but 
Declmau and others ha^c shown that when 
their relative preponderance in the gcnenl 
population IS taken into account rouUipircarc 
httle more subject to tlie disease than imiparc 
Tlxe trOAinvj. of the Citst labouc \s tlie deter 
mining factor It is uitcrcsting to note tint 
cancer of the neck of the uterus is rate in 
Jewesses 

Tlie tumour ms} arise from the squamous 
epithelium cosering the outer aspect of the 
cervix, or from tlie columnar cells of Uie endo 
metrmm lining the cervical canal or its glands 
In some cases there is evidence that a cervical 
erosion prov ides the starting point 

All tumours of the cervix ulcerate readily 
and consequently one of tlie first signs of 
carcinoma is hxraorrliage whidi is especially 
apt to occur after coitus Infection commonly 
superv enes and results in a thin samous discharge often irritating and 
extremely offensive In the later stages there is grave toxiemia from 
septic absorption 
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I'lc 30 Cum omi of 
the cer\i\ uleri Tl e 
tumour IS of inrUrat 
ing type and has 
clestroj^ tie greater 
part of the cervix and 
begun to m\ade the 
body of the uterus 
The surfsce of tf e 
tumour IS extensively 
ulcerated 
fartmfnt • 

Ojfjiwcotetry l 
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Cross Varieties Carcinoma of the utenne neck, like growths 
elsewhere exhibit vanaUons both in outward appearance and in 
behaviour It is customarv to tecogmxe three principal forms which 
are variations from the aicrage rather than distinct tj'pes 

(1) The Inpltraiing I anety This is the commonest and the most 
malignant form It 
, . usuallv arises at the 

external orifice of the 
V uterus at the site of 

V* anerosionorlaceration 

and spreads both on 

i ^ ~ raoDsthecemcalcsmal 

r '/ . LesV;.nan.tBentm=h 

t ^ ^ j r ■*■ t. Within the canal and 

^ -'y*- IS then not obvious on 

vaginal ecammation. 
^ growth tends to 

infiltrate surroundmg 
/ > // ^ S'- tissues but does not 

project into the lumen 
-~?x to any great extent. 

LsualJv it ulcerates 

^^*'*“***'‘^ (2) TheProhfetah e 

Pio sod CarcuMma of the cmax ulen. x 00 j anety This is less 

The tumour u of baal<eU trpo and u composed j .. 

of solid all coll of (pherot^l cells which have ^mmon and is gener 
ollltrated the ntenne muscle alK bdieved to be less 


/V ^ 

rV 

; '"-fr 


L^t^nurj*! ear*iC9.^tf ziaii%n^) malignant It grows 

pnncipallv towards tlie 

lumen and forms a large soft fungalmg mass which is ver\ prone to 
bleed- In rare cases it mav attain such size as to fill the whole %*agina 
(3) The Atrophic Vanety This is the rarest form and is chiefly- 
met with m older women It takes the form of a small indurated 
plaque which ma> be limited to the vaginal aspect of the cervix. 
Ulceration occurs earlv but the growth spreads slowly and is somewhat 
less malignant than the other forms 

^Iicroscopical Appearanns. In most cases the growth is a 
squamous-cell caremoma, but it diflers m several respects from 
tumours of this class arising in the skm It is composed of broad 
solid masses and branchmg columns of epitl elial cells but except m 
rare cases tl ere are no ceD nests and pnckle cells arc usually 
absent On casual inspection the tumour ma% be taken for a basal 
cell carcinoma but tl e c«-lls usuallv show clear evidence of tnaltgnancv 
as indicated bv mitotic fgures and aberrations of fomx and nuclear 
character 


D^enerative cliangw m the centres of the cp tl dial masses lead to 
irregular spaces which may simulate glandular acmi and further con 
fusion mav be caused bv the almost invanable presence of inflammatorv 
change due to septic mfection 
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In n siuflll proportion of cases the grow th ;s a colnmnat cell adcno 
carcmoma, and sometimes ghndtilar and squamous oJemcnts coexist 
Extension of the Tumour Cancer 
of the ccmx uteri has little ten 
denc\ to disseminate and its graMt} 
depends upon the tendency to local 
spread Ihe malignant cells soon 
in\nclc the imiscular coal» whence 
it js an cas\ step to the )>'inph 
\cssels of the parnmetnum I>alcr 
tlic bladder, rectum ureters and the 
peritoneum maj be unoKcd Ihe 
bo(l\ of the uterus is sometimes 
ms nded, but usimll> to a remarkably 
small extent 

Lymph glands may be msoUetl 
carlv or laic The principal lymph 
channels follow the uterine artery 
Some of them terminate m small 
glands nt the base of the broad 
ligament while othere pass dircctK 
to glands along the iliac \csscls 
and m front of the sacrum Often 
glandular enlargement found nt 
operation is of inflammatory origin 
due to supcraddetl septic infection 

Extension of the disease beyond c« rffnijo/wnSurii ) 

the uterus may cause distressing complications m the later stages 
InsoUemcnl of pcUic ncrscs gi'cs rise to sescre pain Insasion of 
bladder, ureters and rectum may lead to fistulrc betw een these channels 
and the s agina ^lorc frequently, pressure upon the ureters leads to 
hydronephrosis and suppurate e nephritis and eventually causes sup 
pression of urine Chronic urTmin is one of the most frequent causes 
of death 

Cancer of the Body of the Uterus 
Less than 10% of utenne cancers affect the corpus uteri, and 
growths m this situation differ ftom those at tlie cenix in both 
incidence and behaviour NuUipanc are far more liable to corporeal 
tlian to cervical cancer, and are affected in o considerable proportion 
of cases. The age incidence is somewhot later and the disease is 
rarely seen before the menopause Tins feature aids early recognition 
for the cardinal sign haunorrliage is more likely to attract notice 
after the menopause than at an earlier age Cancer of the body of the 
uterus frequently occurs where the organ is the seat of fibromy oma and 
it is sometimes held that there is a relation between the two conditions 
The tumour arises m the endometrium and forms a mass of soft 
consistence which projects towards the uterine cavity Several 
varieties are described according as the tumour is bulky or ulcerating 
The ulcerated form is the less common Sometimes there are multiple 
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re i>/5r^rs o/- the feitale geseeatite oeoass 

o' cartncsa, wh^ch p-oj-ct o po’jpo'dal fasluoa froa difTertnt 
nsits cf tlie iralL CV'cis^n::!^' lie wbo’^ esd<x=«trrai3 zs averted 

cJrasely. 

- — , ■'Lcttsscop’caB^. the 

. L 'n'i w fh Is an s dgr. o- 
carcmonia. It is eoni*- 
po«d cohmnar celL, 
whKii fo' the sno^ part 
are ar-an;»^ 13 aKSi. 
Sosetiaes the seji are 
fevr and the edl» Le la 
<obd masses — ll-e so- 
ca!kd caremoraa 
p’ex. The caai are 
csaahv iTTS^ila" la sne 
and shape, Irat some- 
hracs thcv can hardlr 
d-s^mzmshed f"oai 
the glandaiar spaces 
Qormal endom'^trurs. 
lo scch cases the d,£C 
ncnew w made upon evi 
dffi-e o' lavasjoa of tl e 
gmnmg etire, asd cpoa 
changes in cel] form and 
naclear s'ru g tur e. 

Th- p’cgTcss o' cancer cf the body ©' the ulems b s^ow, and thus th» 
p-c^nos s after cfpe^^rre remoral .s co*« bcpsfnl than n esnce- of the 
ce-nx. For a long trae t he <Lsease mav be l 2 a.**ed to the ntenis itselL 
ETcnn^aLe the parame^tua is reached, and c^hboarcijr vscera may 
then lie s!ree*aL The Ivaph glands arc inrolved at a late stage. 
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S.^C0'1A OF THE UTERUS 

Sartcf^ of t^-^ Dtcms ts t^ncomnioa- It may occur at ant tm* 
0 ' Lfe, evHi 13 infancy, and imhkr camnoma, i* is mo’c sp* to mrolye 
th* badt thsn tb- cema. 

Sarcoma may arise m the Gb’cmi.scular wall cf th» uterus o* 
m the endom-tniim, and it rs usually diZcnlt to delerrain- the exac* 
siteofo’igia 

It IS gmemU^ stated tJ jt sarcoma commonly arises m a Ctroint'Dnia 
bat It seems p*obab'' that th» tj-w i> maecura^e and that sarcomatoas 
change m a f:b-omwma is «xceedjngl\ rare Som-tims the ongm 
of the tumour mar b» to th- pta n mu«ct- fib^ o' the utenn, 

and U>e g^wth ni 2 % then b» regarded as a mvo-sarcoma. Rar^lr 
strped muscle f b--s are p*e«cat, and th- tumo’-r must th*n b- looked 
upon as a mix'd m'sob!a«ti«' tumour ^Thelb'r denred f-V” th* 
filromusesdar wall o- tbs c'^dom-tnim. a utenre sarcoma xuas be 
cuCTimscrbed o” diSTu'c 



TUMOVlii 01 ailE CIIORIO\ m 

Circumscribed Sarcoma A circumscribed sarcoma forms a soft 
tumour •v\hich gnws rapidlj TIic cut surfntt is usinllv brnm bke of 
grcMsh colour, but interrupted in phees bj areas of necrosis and 
luunorrhage or bj irregular c\st like casitics containing dtbns and 
blood clot Microscopicnllj, there arc round and sj mdlc si aped cells 
and soinclimts multimiclcatcd ginnt cells 

Diffuse Sarcoma A dilTusc sarcoma appears to or gmatc in 
tile endometrium and it may spread over the greater part or the nhole 
of the inner aspect of tlic uterus In such a c.isc the uterus is mnfonnly 
enlarged and resembles the pregnant uterus Ihe endometrium is greatly 
thickcncti and its surface sluiggy and ulcerated or co\ ered by nodular oi 
polj'jxndal outgrow tlis In some eases tlic line of separation between the 
endometrium and the fibromuscular wall js distinct but often both 
Ifljcrs arc diffusely infiUratwl bj the tumour ^Iicroscopicallj spindle 
cells and round celts arc present Illood vessels are numerous large and 
thin walled The epithelial elements of the endometrium arc usually 
destrojtd but occasionallj a few of the endometrial glands persist 
Tw o special v ariclics of uterine sarcoma dcserv e further mention — - 
(1) Recurring Poljpl In a certain proportion of cases recurrence 
takes place after curettage of submucous uterine pol>pi and eventual!) 
after repentctl recurrence true malignant mvosne properties may 
dev clop In such caves no douht the tumour is a submucous fibromj'oma 
tliat bfts undergone sarcomatous cliangc and m otiicrs the tumour is 
probabl) of low grade mobgnanc) 

(S) Crapc>Uke Sarcoma (Sarcoma Botr>oidcs) This tumour ma) 
occur m infancy childhood or adult life It arises m the cervix and 
projects towards the vagina where it forms a lobulated mass somewhat 
resembling a bunch of grapes Sometimes Uic tumour attams great size 
and it may fill and distend the whole vagina The tumour is composed 
of round or spindle sliaped cells set m a verj cedematous matnv. wluch 
explains its soft, c)8t like cliaractcr 

TUMOURS OF THE CHORION 

The chorion, the outer covering membrane of the embryo is endowed 
w itli the property of inv ading tJic uterine wall In virtue of this property 
it ensures the proper implantation of the ovnim and its subsequent 
nutrition from the maternal blood stream In normal circumstances 
this great capacity for proliferation and invasion is restrained and only 
proceeds to the extent required by the needs of the embryo and at 
the end of pregnancy tlie whole zone of invasion is cast olf in the 
placenta In rare cases however, and m circumstances at present 
unknown the invasion of the clionon proceeds unrestrained and a 
tumour results 

It IS necessary to consider first the normal structure of the part 
The chorion is an embryonic tissue and consists of a stroma of meso 
blastic OTigm and a covering layer tlie trophoblast derived from 
ectoderm The trophoblast is made up of two layers an inner layer 
of a smgle row of Langhans cells — ^large well defined euboidal cells with 
dark nuclei and clear cytoplasm— and an outer layer the syncytium 
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but there seems htUe doubt thnt the degeneratu e clnngts have an 
underl> mg neoplastic basis Ne\t m the senes is the mi mi e moh or 
cliorioadcnoma (Ewmg) Tins 
is somcbmcs c)ass«J as a form 
of hjdalid mole, but it differs 
csscntnllj from this in the 
extent of imosion of the 
uterine s\all, and, ns Nos ah 
has pointed out, it is better 
regarded as a carcinoma of 
Jowmahgnanoj Lastly, there 
istht:chortocareinoma{c}ionon 
epUhehoma), a grouth of in 
tensclj malignant chancter 
“Ml the tumours of this 
class differ m one important 
respect from most other neo- 
plasms nnmclj, that thc> 
are not densed from the host 
hut from another indnidual, 
theembrjo They arc para 
fiUic growths, and in this re 
spect thej are comparable to 
certain kinds of teratoma 

H^datidiform Mole (Vesi 
cufar or Placental Mole) This 
condition jsgenerollj regarded 
as a degenemtne change 
affecting the chorion, but 
there IS evidence to suggest 
that m some eases at least 
It is more correctly looked 
upon as a form of abnormal proliferation bordering on neoplasm It 
IS a rare condition, and is said to occur only once m e\er5 two 
or three thousand pregnancies Multipar® are affected more often 
than primigravida:, and sometimes the disease reappears at sub 
sequent pregnancies The mole starts in the carlj montlis of preg 
nancy, and is rare after the fourth month ^^hen it occurs early and 
affects the uhole placenta the embryo disappears and no traces of 
it can be found When the mole occurs later, or when it affects only 
a part of the placenta the embryo may sunne for a short tune, but 
sooner or later abortion occurs The mole is usually cast off at the 
time of abortion, but a part of it may remain in the uterus and 
contmue to grow 

The mole is composed of clusters of small, tense lobules which are 
often likened to white currants or small grapes Sometimes it may 
attain a weight of two or three pounds Hemorrhage occurs readily, 
and often the mole is partially buned m clots of blood 

Microscopic examination shows that the grape like structures are 
distended, hyperplastic ^ ilh of the chorion {tee Fig 308) The central 
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CnOItlONIC CARGISOV i 097 

Tlic tumour dcrolop^ in rctnmcil portions ot n Inilntnlitorm mole 
but It mns occur in nn otlicnvisc normn! prcgiinncj or puerperium 
Occnsioinlll it has been obscrsml scscral tears nttor diildbirtb or 
abortion In the great majoritj ot cii^ it arises in “ 

occasionally m the tagina, uterme tube, or ovary. Tumours ot the 
structure ot clioriocarcinonia have occasionally been obsere cd iii other 
sSions. tor instance in the testis Such tumours arc to be regarded 
ns teratomata, iiitli a preponderance ot ectodermal stnictiires 



(Ifwnim e/floyal CoUegt ofSurttmi of 

In tbc uterus the tumour "“^d'prol'ect? on the inner 

The principal mass lies m the the peritoneal surface 

aspect ot the uterus Sometimes it it is of claret 

It forms a soft triable mass, “"‘"8 , bleeds fteely 
or maroon colour The surface is „tively growing cells ot the 

Microseopieally, there are strands ot syncytium 

Langhans type, mingled with irrcgu ... . j^vasive properties of 

Blood aessds are particularly "S“tood siUund and 

the syncytium and therefore e'stra'v e>rtensively invaded, and 

mriltrrne the growth The atenno ^ ,.„„ses The 

tumour cells may be seen lying m the lumen oi 
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growth possesses no stroma, and his no blood vessels of its own and 
IS notwjshcd from its host 

Choriocarcinoma progresses npidl}. and death usualh tahes place 
svithm from six to eighteen months The growtji dissemmates bj the 
blood stream especiallj to the lungs Sometimes secondarj grow tlis 
appear in the vagmal wall and elsewhere in tlie pehis It is often 
stated that metastases ma\ disappear spontaneouslj after remo\ al of 
the priman growth but according to Ewmg such beha\nour is rare in 
true choriocarcinoma though not uncommon in sj'ncs'tioma 

Sifnq/tioma In 1895, Marchand who was the first to demonstrate 
the chorionic ongm of chorion epithelioma, distmguished two forms, 
the tj-pical form (which corresponds to the description of chorio- 
’carcinoma abo^e), and the uncommon atvpical form The latter is 
now generallj known as a syncj'tioma It is a bulky tumour whicli 
infiltrates the uterine wall, but differs from the “ tj'pical ” form m 
its great tendencx to retrogression It is composed of large giant 
cells with the general characters of chorionic sj'ncjdmra These arc 
scattered diffuselj and mingled with masses of fibrin and necrotic 
debns m which are numerous wandering and mflammatorv cells The 
condition is sometimes regarded as a distinct tumour with a definite 
tendency to retrogression, but accordwg to Emng it is merely a 
degenerative form of one of the less malignant types of choriome 
tumpur 

Ovarian Changes in Chonomc Tumours Marchand drew atten 
tion to the frequent association of ovarian c>sts with chorionic tumours, 
an obsen otion wluch has been amply confirmed b> subsequent expert 
cnee The c>sts are of lutein type and may affect both ovaries and be 
so la^ tliat thej arc palpable above the pubes Their nature js not 
known The hormone luletn is believed to control implantation of the 
ovum and it maj also control growth of the chorion, but there is no 
evidence that abnormal lutein production predisposes to the gro^rth of 
the tumour It is known that the corpus luteum itself is controlled by 
other secretions possibly of placental origin, and the ovarian cysts are 
probablj due to excessive production of this secretion This would 
explam tlie disappearance of the cysts whicli sometimes follows success* 
ful remov al of the tumour 


SALPINGITIS 

Salpingitis results asuallj from infection from the uterus and 
vagina, less commonlv from a contact infection from adjacent 
structures, such as the appendix, and rarely, apart from tuberculous 
salpingitis, from hematogenous infection Tlie majorit> of cases of 
acute salpingitis are of gonorrhoeal ongm 

Chronic salpmgitis, excluding tuberculous disease, is almost alwajs 
a sequel to an acute or subacute attack In virtue of the innumerable 
folds and crevices in its mucous membrane, the tube forms an ideal site 
for the mamtenance of infection especially by oiganisms of low grade 
V inilence, such a* gonococci Chronic gonococcal salpmgitis is therefore 
common and maj be of am grade of seveiit> 
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The disease may arise a short time after the primary infection, or 
after a long inter\ al If delaj cd it may depend upon some exacerbation 
of the disease in the urethra or cenix, or it maj represent a recru- 
descence of an earlier mild infection of the tube Usually both tubes 
arc affected 

The mucous membrane is principally m^ olved, and its many folds 
become congested and gtcallj swollen by cedema At an early stage 
the fimbnaj arc swollen and turgid, and from the abdominal ostium a 
fen drops Of jelloir pus maj be expressed At this stage there is com 
monly a mild degree of peritonitis, principally limited to the pelvis 
The peh ic peritoneal surfaces are congested and lose their normal sheen, 
and tile ca\ ity contains a small quantity of sero purulent exudate In 
some cases the peritonitis is more extensii e The w hole low er abdomen* 
may be affected, and the coils of ilcum ma> be glued together by lymph 
exudate A purulent collection may form in the pelvis 

The acute phase almost miartably subsides m the course of a short 
time, but complete resolution often does not occur There is a \ery 
great tendency to the formation of adhesions, cither delicate filmy 
membranes, or tough bands of fibrous tissue 

In chrome salpingitis the tubes ore fibrous and thick walled, and are 
often buried with the ovaries, uterus, bladder and broad ligaments m a 
solid fibrous moss, and the pehic colon and pelvic coils of ileum also 
may be iniolved In some cases, when the tubes are thickened and 
fiesh}, numerous nodules may detelop m the tubal wall and project 
both into the lumen and under the serous surface Such a nodular 
thickening deielops most frequently at the isthmus of the tube, te, 
where the tube joins the uterine cornu (talpingitts istkmica nodosa) 
Microscopicall) , the nodules contain numerous gland like acmi, are 
lined mucous membrane, surrounded bj hj'pertrophied bundles 
of muscle and fibrous tissue It is presumed that in such cases 
portions of the mucous membrane have been forced by intra tubal 
pressure into the muscle woU of the tube, and that the epithelium of the 
diverticula thus produced has proliferated as a response to the presence 
of a chronic infection 

Sometimes the lumen of the tube remains patent, but usually its 
two orifices become occluded, and it may then distend with watery 
fluid or with pus (h>drosalpinx and pyosalpinx) 

Hydrosalpinx occurs when infection is of a mild degree The tube 
IS dilated bj watery fluid den\ed from its hnmg cells and e\entually 
it may attain considerable size and fill the greater part of the pelvis 
The fimbriated orifice is occluded, partly bj annular fibrosis, and 
partly by retraction of the fimbna; , and often the occlusion is so 
complete tliat the site of the onfice cannot be distinguished The 
lateral end of the tube dilates to the greatest extent, and as dilatation 
IS restrained by the peritoneal covermg it gradually assumes a 
characteristic retort shape The walls are sometimes thin and translucent 
and are readilj torn 

Pyosaipinx results when the infection is somewhat more severe 
The uterine ostium is occluded by cedema, and the abdommal ostmm 
is closed either by indrawing of Hie fimbnai or by a kmd of sucker 
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action, whereby the fimbria adhere to adjacent structures The tube 
becomes distended, but usuallj not to the same degree as m hydro- 
salpinx, for its walls are inflamed, thickened, and infiltrated with 
poljTnorphs, lymphocvtes and plasma cells Sometimes, especiallj in 
tuberculous uiections, a pyosalpinx may attam great size Often the 
surrounding tissues and coils of intestme are adherent Not mfrequently 
the abscess is not limited to the tube itself, but lies m a cavitj walled 
in by adhesions between tubes, broad ligament and ovarj, a twJo* 
oranan chsetss The ovarj itself maj be infected, especially if a large 
Graafian folbcle is present, and sometimes it is almost completely filled 
mth pus 

Usuallj the pus is j ellowish while and odourless, but it maj be of a 
dlrt^ colour and foul smellmg Often, despite this appearance, cultures 
jield no growth, for the causative organisms, gonococci and their 
associated non hjemoljtie streptococci, tend to die out on prolonged 
sequestration For this reason activ e surgical treatment is not usuallj 
required. In a few cases the abscess is infected secondaril> by Saallus 
cell, or other organisms 

Tuberculous Salpingitis Tuberculous salpmgitis is not uncommon, 
but since the gross appearance often differs little from non tuberculous 
salpingitis its specific character is not always obnous The disease is 
iniariably secondary to tuberculosis m other parts of the body, and is 
generally attributed to hamatogenous infection It is usually bilateral 

Tubercles dei elop m the mucous and submucous coats, wbicli become 
infiltrated with lymphocytes and endothelial cells Tubercles may 
develop also under the subserous coat, and m this case the diagnosis on 
direct inspection u more easy In many cases the tube is distended with 
caseous material so that it resembles a pyosalpinx. Adhesions surround 
the tube and bmd it to adjacent viscera 

Tuberculous salpingitis is frequently associated with some degree of 
tuberculous pentonitis In some of these cases it is possible that the 
tube IS infected from the peritoneum, but more frequently the peritoneal 
lesions are secondary to tuberculosis of the tube ' The practical 
importance of this is Uiat removal of the diseased tube mav promote 
recovery from the peritonitis 

Tumours of the Ulenne Tubes 

Tumours of the uterine tubes are rare The least uncommon arc 
malignant adenoma and carcinoma Papilloma, sarcoma, fibroma, 
teratoma, lympliangioma, and other forms base been described' 
Primary caremoma occurs usually about the period of the menopause, 
and m 30% of cases is bilateral It mai l>e mistaken for chronic 
salpmgitis, wluch it somewhat resembles Tlic tube is enlaigcd and 
thick, and may contam watery fluid or pus 31ucli of the I^cn is 
occupied by a friable cauliflower like growth which may be partly 
cystic Usually the tunmur is nn adenocarcinoma It is supposed to 
anse from the mucous membrane of Uie lubes, but an ongm from 
^\olirian remnants m the parovarium has been suggested In some 
cases there is evidence the tumour arises on a basis of old 
inflammatory disease 
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The uterine tubes are often »n\ol\ed in seconder j carcinoma denied 
from the uterus, o\ arj , rectum, colon or stomach 


CYSTS AND TUMOURS OF THE OVARY 

The o%arj is a common site for cjsts and cjstic tumours These 
\ar> grentU m nature and appearance Many are of simple t>T5c, and 
result from distension of a Graniian follicle or corpus luteum, others 
Imie the characters of simple neoplasms, whde jet others exhibit 
malignant properties Solid tumours also occur in the ovary, but are 
Jess common The cjsts m most coses conform to regular types, 
but a certain proportion arc of a mixed or atjpical character, 
and defy exact classification The following are the principal tj’pes — 

Simple Cysts 

(1) FolhcuHr and luteal 

(2) Endometrial 

(3) Blood 

Solid and Cystic Tumours 

(1) MuUilocular or compound cjsladcnoma {pseudomucinous cjst) 

(2) Pnpilliferous cjstadcnoma (papiiiarj or serous cjst) 

(8) Teratoma (dermoid cyst) 

(4) Cronutosa cell tumour 

(5) Arrhenoblastoma 

(0) Primary carcinoma 

(7) Secondary carcinoma 

(3) Connective tissue fg fibroma 

Follicular and Luteal Cysts 

During the reproductive period of life o succession of changes 
occurs in tlie Graafian follicles, wherebj they mature, discharge their 
ripe ova into the peritoneal cavilj, and then develop into corpora 
lutea It is certain that at least one ovum is set free during every 
menstrual cycle, and consequently the folhcles which attain maturity 
between pubertj and the menopause number several hundred The 
normal ovary at birth, however, contains an immense number of 
immature folhcles, probably m the neighbourhood of 30,000, and the 
vast majoritj of these gradually undergo atrophy or atresia It is evident 
tliat in adult 1 fe tlie ovary will contain folhdes in all stages of develop 
ment, atresic folhcles, immature and mature follicles, and corpora lutea, 
and anj of these may undergo cystic change It is generally believed 
that in adults the cysts arise prmcipallj in mature or almost mature 
follicles, but atresic folhcles ore also liable to cystic change Cyst 
formation is usually attributed to chronic inflammation or congestion 
of the ovaries, but it must be admitted that there is not always evidence 
of this, and it seems hkelv that sometimes tlie origin is to be found m 
perversion of physiological processes m the follicle, rather than m anv 
gross pathological factor 
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Fontcular cysts are'most common during the reproductive period 
but thev mav occur in childhood or even m lnfanc^ The\ are rare 
after the menopause. The cysts are usualls multiple and bilateral, 
and in some cases both ovaries are almost completeli involved The 
c%*sts are generalh small and raielj distend the ovar% beyond the size 
of a golf ball 

The evsts are unilocular and contam water} fluid which occasionally 
IS coloured b\ old or recent blood The walls are smooth and fibrous, 
and the smaller c\ sts are sometimes Imed bv a single las er of columnar 
or cubical epithelium Often the cyst wall contains lutein cells si mila r 
to those of the corpus luteum, but diflermg from them m being derived 
from the theca mtema and not from the merabrana granulosa of the 
follicle 

Lutein cysls axe much less common than follicular cssts Thei arc 
usualh single and ma^ attain the size of a walnut, oY even of a hen s 
egg \ characteristic feature is t! e presence of a thick fibrous wall of 
wav\ contour and bright j ellow colour The wall contains numerous 
luteal cells large rounded cells contauimg quantities of cl olesterol and 
other lipoids to which the icllow colour is due Sometimes a lining 
membrane of cubical cells is present The content of the c\ st msv be 
clear waten fluid but it is often blood-stained 

Occasionally luteal ct,sts are multiple and bilateral (compound 
luteal ci*st} Tl ese are usualls related to pregnancy or to brdatid 
moles or cboriocarcinoma. The c\sU au\ attain the size of the fcetal 
head After parturition or after removal of the mole or carcinoma 
thev ma\ diminish in size (ire p COS) 

Endometrial Cpts (Chocolate C)'sts) 

Endometnal c\sts of the ovary arc most common between the ages 
of thirts and forts fise sears and thev are unknown before pubert} 
and rare after the menopause The\ are small evsts iisualls from 
2 to 4 cm. in diameter and often both ovaries are affected 

The c> sts arc due to lueraorrhage from ectopic endometrial tissue 
{tee p CS"^ and on microscopic examination such tissue mas be seen 
m small areas of the c} st wall The hemorrhage occurs at the menstrual 
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periods, for tJic ectopic endometrium undergoes the same cycle of 
functional nctiMt\ as nomml endometrium The content of the cjsts 
resembles menstrual blooil It remains fluid and acquires a tnrr> or 
chocolate colour 

An endometrial cj st, s\hcn small, liw under tlie surface of the ovary, 
but nlicn distcndctl by recurring Weeding it is lery apt to perforate 
and to discharge its contents mto the peritoneal ca\itj The endo 
metrial blood being irritant stimulates peritoneal adhesions, which 
gencmllj arc limited to the pel\is, but ma> sometimes implicate the 
intestmcs In some cases Die effused blood is not absorbed, but forms 
a fluid collection m the peh is and becomes circumscribed bj adhesions 
which bind together the ovary and the posterior surface of the uterus 
The adhesions ma> be \er> dense and hard, and the condition may 
simulate a tuho ovarian abscess or a tumour Continued activity of 
the aberrant endometrium ma> cause the fluid collection to increase in 
amount. 

Blood Cysts Hcematomata 

Haemorrhage is most apt to occur iti endometrial or in luteal cjsts, 
but it IS not infrequent m other types In large cjsts it is especially 
apt to arise when torsion or kmkmg of the pedicle leads to obstruction 
of the venous return The ovary becomes tense with extravasateil 
blood The cj st may rupture, and a considerable amount of blood may 
then collect in the peritonea] env itj In most coses, however, the blood 
clots nnd is ultimately absorbed Occasionallj infection of the clot 
leads to abscess formation 

MuItUocular Cystadeaoma iPseudomucinmis Cyst) 

This IS the commonest of all ovarian tumours It is a true tumour 
and results from proliferation of epitlielial cells, whicli are probably 
derived from downgrowths from the germinal epithelium The tumour 
undergoes cj stic dilatation by the secretory products denv ed from its 
epithelial cells As the tumour grows, its epithelium projects m various 
directions m a somewhat complicated manner, and m this way secondary 
focufi devefop either inside the pnncipaf cyst or m the substance of its 
wall 

Pseudorauemous cjsts are usually unilateral, but in a small proper 
tion they are bilateml If untreated, they sometimes attain great 
size, and m pre operation days cjsts of 50 Ib or even 100 ib weight 
occurred They rarely spread towards the broad ligament, and m 
the great majority of cases they become more and more pedunculated, 
and project upwaids mto the abdomen The cysts are of rounded form 
and smooth surface, with undulations correspondingtothedilferentloculj 
Microscopic examination shows that the cyst wall is composed of 
fibrous tissue lined by a layer of columnar epithelium The epithelium 
consists of a single row of tall columnar cells, of remarkably uniform 
appearance Each cell has a deeply placed nucleus and a peculiarly 
clear protoplasm In places the epithelium is raised into papillary 
processes, but not so commonly as m the papillary type of cystadenoma 
The cysts contain glairy, mucoid material of a ropy consistency 
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Sonielimes it is quite clear and almost colourless, but often it is turbid 
froTi 6Hms and cbolesterol crvstals, and it ma) le^emble pus Often it 
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u tinged with altered blood pigment The glair> material is pseudo- 
mucin, a substance that differs from muem in its staining reactions and 
in the faeihti with wh.ch it mav be p-ecipitatcd bj acetic acid 
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tumours usually follow a benign eovtrse, but there are inter- 
mediate forms which possess some of the characters of a papillary cyst- 



Fio. ai4. rApdlirfcysUdenoma of tlie otary. x S7S. Tlie tumour is 
eomposed of eolumnnr epUhrfial cells a7>onged in a papillary forma- 
tion upon fine limnchioff cores of connecpve tissue. The malignant 
character Is indicated by the complex iiructure, by the nuclear 
hyperchroraatosia and by the presence of initolic figures. 
llAbDraitTf «/ Aajwt CcBtf**/ of PtMurfK ) 

adenoma, and these occasional!}' exhibit malignant properties. 
Peduncuiation favours the occurrence of voUtiIus of tlie cyst. Occasion- 
ally a cyst ruptures and discharges mucoid material into the peritoneal 
ca\'ity, leading to the condition of pseudomyxoma peritonei (see p. 548). 

Papillary Cystadenoma 

Papillary cj'sts are much less common than tKe pseudomucinous 
cyst, but tliey are by no means rare. They are characterized by more 
vigorous growth on the part of tlie epithelial cells, which project either 
into the cysts or on their outer aspect, in tlie form of multiple warty or 
papillomatous excrescences. Both oraries are^ usually affected. In 
each ovary there is generally one principal cj’st, sometimes with a 
number of small subsidiary ones in its wall. 

The cyst attains moderate dimendons, and rarely grows to such 
great size as a multilocular cystadenoma. ti: differs also in the character 
of the content, which is of watery consistency and contains albumin 
but no pseudomucin. 

The most characteristic feature is the presence of papillary processes. 
Usually these are limited to one portion, ami project internally into the 
cyst, but sometimes they cover the whole Wall, and may grow to such 
an extent as to fill the greater part of the cyst. Not infrequently similar 
papillary processes grow also from the outer aspect of the cyst, and 
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project into the peritoneal cavlt^ This t\'pe is \er^ apt to become 
malignant 

>Iicroscopical]i , the erst has a lining of Ion- columnar or cubical 
epithelial cells, •whicli are sometimes ciliated The papillar% processes 
whicharecovercd with epithelium ofosimilartvpe.^arN greath inform 
Some are of simple structurc'daut others branch in complicated fashion 
and show evidence of proliferation 

PapilIaiA crests are on the borderlme of malignanc% and true 
cancerous change develop^ in a considerable proportion, probablj 
about 20% Malignancj is especiall\ apt to take place when papillar\ 
growths project from the outer surface, but such projections are not a 
necessary prelude td mahgnancv Frequentlv the cells are disseminated 
into the peritoneal cavitj , and set up metastases either in the pelvis 
or throughout the abdomen Such disseromation ma\ occur e\ en when 
the evst shows no gross evidence of malignanc\ RcmarkabK enough 
rcmioval of the primarj tumour mav cause temporars retrogression or 
csen disappearance of the metastases, though ultimatch the' almost 
alwa' s recur and prove fatal 

Teratoma (Dermoid C)'st) 

Teratoma of the ovari is not uncommon, and is said to constitute 
about 10®o of all ovarian tumours It is general]' described as a 
dermoid c\st but as it contains tissues derived from all the three 
embrsonie lasers it is right!' regarded as a teratoma It is a benign 
tumour but in rare cases malignant eliange ma\ supervene The 
tumour grou-s slowh and rare!' attains great size In a small propor 
tion of cases both os aries are affected The greater part of the tumour 
IS c'"stic and contains fatt' sebaceous material and often masses of 
hair and epitl elial debris The c'st is lined b> stratified squamous 
cpitbeliuni ill which hair follicles and sebaceous and sweat glands 
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maj be recognized At one side of the c^st there is usuall> a raised 
plaque and teeth may project from its surface The nail deep to 
this plaque contains \anous tissues derived from mesoderm and 
entoderm Cartilage, non striped muscle and glandular acini prepon 
derate, and bone, tliyroid tissue and even nerve cells may be present 
Occasionnllv tissue rcscmblmg the chorionic cpitheliiim is found 

It IS obuous that such n teratoma arises from totipotent cells and 
there arc two principal views m regard to its origin m the ovary 
It Ins liccn suggested tint it is derived from genn cells, ova that 
Iiav e undergone a kind of parthcnogenctic dev elopment, for it is known 
that the ova of certain lower species may be stimulated to growth 
without fertilization by spermatocytes But sudi a theory takes no 
account of the occurrence of similar teratoma in the testis and there 
arc other pertinent objections to its acceptance The prevailing view 
IS that the teratoma is derived from dislocated blastomercs Vliich are 
known, m lower vertebrates at least, to be capable of forming a com 
plete embryo "■ 

Cranulo$a«ceH Tumour 

This somtw hat uncommon tumour occurs at any age, but especially 
in women who have passed the menopause The tumour cells resemble 
the normal cells of the membrana granulosa of the Graafian follicle 
The special interest of the tumour lies in the fact that it appears to 
produce an internal secretion which stimulates endometrial proliferation 
and leads to enlargement of the uterus and periodic hajmorrhages 
The tumour is generally unilateral, and usually of benign type 
In a small proportion of cases, however, it is malignant Generally , it 
IS of moderate size, although there are examples recorded in which the 
tumour has attained the size of a man’s head 

Tile tumour is encapsulcd, v\ith a thick fibrous sheath It is partly 
solid, fleshv in appearance and somewhat vascular, partly occupied 
by cy sts contammg clear, straw coloured fluid 

"Microscopically, the solid parts of the tumour consist of densely 
packed masses of polygonal cells, uniform m size, shape and staining 
qualities These cells which sometimes show mitotic figures, resemble 
closely the cells of the granulosa layer of the Graafian follicle 

The cy sts v ary in appearance The smaller ones are lined by a single 
layer of cuboid or flattened epithelial cells The larger ones, on the 
other hand, show a characteristic structure somewhat resembling that 
of a normal follicle The lining membrane consists of sev eral lay ers 
of granulosa cells, closely packed polygonal cells with dark blue nuclei 
and scanty cytoplasm The cells in the outermost part of this layer 
tend to be cuboidal m shape, and are supported on a basement mem 
brane In some cases outside the basement membrane there is a 
smt^Ie row of clear or light staining cdls resembling the theca interna of 
the follicle 

The origin of these tumours is not clearly understood It has been 
supposed that they arise from adult granulosa cells of a mature follicle 
That they generally occur in elderly women, and that they are some 
times found in the medullary part oS the ovary, where mature follicles 
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do not occur, has led to the behef that they arise in embrjonic rests 
present m the oranan parenchyma 

Airbenobtastoma 

Tills rare tumour is mteresting from the fact that it produces 
a hormone or group of hormones sehich alters the secondary sexual 
characters towards the mascuhne tvpe The tumour occurs at anj 
age period between pubertv and the menopause, grows rapidlj and 
tM} attam verv large size especially if cystic It mav be simple or 
malignant Slicroseopically, it consists mamlj of undifierentiated 
smaU round or spindle cells and ma> resemble a sarcoma In some 
cases there are areas occupied bv cells of epitliehal appearance, arranged 
m cords or lining tubules somewhat resembling the testicular tubules 
One of the first results of the tumour is cessation of the menstrual 
periods The condition roaj thus be mistaken for pregnancj, but ma\ 
be distinguished bj the fact that the Aschheim Zondek test is ncgatire 
Later the breasts atroph\ , the hair of the head falls out or its growth 
ceases while there is an cxcessiie development of liair on the lips 
and ehin and on other parts of the body The distnbubon of pubic 
hair assumes the masculine tv*pe and bypertroph) of the clitoru may 
develop Operative removal of the tumour leads to restoration of the 
feimnme cb^eten In some cases recurrence of the tumour has been 
followed by reappearance of the classical syndrome 

The origm of the tumour, and the nature of its hormones are not 
understood It has been suggested that the tumour is den%cd from 
pnmltl^ e undifferentiated germ cells m the hdum of the ovary , and 
that these cells acquire characters similar to the cells of Ley dig, the 
interstitial cells of the testis 


Primary Caremoma of the Ovary 

Primary caremoma of the osar% is less common than secondary 
growths It occurs in adults, frequently at a comparatii ely early 
period of hfe, and may affect nuUipane or mullipann It usually arises 
m a pre-existing simple growth especially m a papillary cystadenoma, 
but It may anse de fitro when it may be solid, or partly cs'stic from 
degencraUve clmnges 

In mam cases both osartes arc affected, but rarely to the same 
degree, and it is generally behesed that Uie smaller tumour rqiresents 
a secondary growth. The tumours rarely attain great size, and may 
be little larger than hens eggs In rare cases they grow rapidly 
and may assume large proportions Sometimes the\ are of firm or 
even haid consistcnc', but often they arc soft and almost brain like 
Tliree types of caremoma may be recognized, according to the micro- 
scopic appearances (1) The common ts-pe occurring m a papillary 
cystadenoma lias the stnictureof a malignant papilloma, and is composed 
of low columnar or cubical cells arranged m irregular papillar. formation 
(2) In other cases the structure is tliat of an adenocarcinoma, and the 
cells which show great diversit% of form and stainmg reaction, are 
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nrr'ingcd nround irrcgulnr nctni (3) Sometimes the tumour is composed 
of solid masses of cells, with no acinous arrangement — carcinoma 
simplex 

Oiariau carcinoma vcr> commonly disseminates through the 
peritoneal caMt\, anil secondary growths may be found m all parts, 
froin the diaphragm to the pels is, lending rapidly to haimorrhagic 
ascites In other cases it disseminates to lymph glands in the iliac 
and para aortic group, and to the uterine tubes and areolar tissue of the 
pelvis 


Secondary Cardnoma of the Ovary 

The ovaries show a peculiar liability to attack fay malignant cells 
derived from other sources The stomocli and colon arc the common 
sites of the primary growths, hut secondary ovarian deposits may 
follow cancer of the uterus, gall bladder or other abdominal organs and 
even cancer of distant regions, such as the breast It is generally 
acknowledged that the a\ enue of implantation is through the peritoneal 
cavity , and it seems that malignant cells set free in the cov ity reach the 
pelvic floor and tlic ov nrios b\ transccelomic grav itation 

Secondary growths often affect both ovaries Usually the nodules 
arc of small size, and arc accompanicrl by mctastoscs m other parts of 
the peritoneal cavity, but sometimes the ovarian deposits attain 
considerable size before others appear, may’ then be mistaken for 
primary tumour of the ov ary, particularly if the primary tumour i$ a 
symptomless grow th of the stomach or colon 

The microscopic appearance depends upon the character of the 
primary lesion, and this is usually an adenocarcinoma In some cases 
the cells undergo " colloid ” or mucoid change They become distended 
by a clear substance resembling mucm, which displaces the nucleus to 
one side and gives a characteristic ” signet ring ” appearance 
(I&ukenbcrg tumour ) 

Uncommon Tumours of the Ovary 

A Fibroma of the ovary is a rare tumour, and may occur at any 
age It may be quite small or of great bulk, and is particularly prone 
to cystic degeneration 

An ov arian fibroma is of special interest in that on nre occasions it 
may be responsible for not only an ascitic elTusion but also an 
intractable pleural effusion on one or both sides, usually more excessive 
on tive right The condition is known as tleig’s disease, and was first 
described by Lawson Tail (1893) The curious phenomenon for which 
there is no satisfactory explanation, may simulate malignant disease 
It is of particular interest m that the effusions disappear quickly and 
permanently after removal of the fibroma 

A fibromyoma resembling the uterine type, occurs occasionally, 
and IS liable to the same forms of degeneration 

Endothelioma, melanoma, rhabdomyoma and choriocarcinoma are 
of rare occurrence 
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tio 310 Oiianan m«taatasis (Kmkenberi; tumour) from a caremomi 
of the coloo The tumour U composed of solid masses of epithelial 
cells which are distended to sigrnet nng shape by intracellular globules 
of mucin 

{^i/orotwy «/ CtOtfA «/ Pkfiinaiti 9/ Pi ) 

iSareoffifl of the o\arj is rare It occurs most often at puberty, 
but has been obserted m childhood, and even in the feetus It is 
sometimes bilateral Spindle cell and round cell forms have been 
described It is usually of great malignancy, and disseminates at an 
earh stage 


CYSTS IN THE BROAD LIGAMENT 

The broad ligament contains a number of rudimentary structures 
dern ed from the Wolffian body and its duct. These structures are known 
collectn ely as the parovarium, and they are recognizable m the normal 
subject when the broad ligament is held up to the light They consist 
of a mam duct running medially m the base of the broad ligament and 
a number of short tubules communicating with it The duct is the 
rudimentary Wolffian duct, or Gartner’s duct Laterally it ends 

open to the exterior in the neighbourhood of the hymen The tributary 
tubules are collected in three groups The ductuli trnnssersi (Kobclt’s 
tubules) lie at the lateral extremity of the broad ligament close to the 
0^ anan fimbria, the tubules of the epoophoron be m relation to the 
hilum of the o%ary, and the tubules of the paroSphoron are situatcil 
more medially* 

A cyst may arise from any part of the parosarmm The majonty 
ore small pea like structures arising in Kobelt’s tubules at the lateral 
end of the broad ligament and projecting freely into the peritoneal 
casity It IS of little clinical importance Less often, a parosannn 
csst attains the size of a hen’s egg, and e^en greater It is a smooth, 
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Irnnsluccnt, unilocular structure, \ihieh can be rc'idjly se{)afated from 
the peritoneum nnd enucleated. It consists of n fibrous wall fined 
by a single row of low columnar ediated cells, and contains clear, 
nntcrj’ fluid of lou specific gravity. 

Occasionally n cyst in the broad Ijgamciit nltams great si/o so that 
It fills the jwlvis and extends upwards into tiie abdomen Hcccnt 



Tio S17. C>9t of the Ijfoad figment The Fafiopiao tube is disiOieed 
IwtheesiC and is ineornomted in its watt. The ovary lies below nt 
the left side. 
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researches suggest that the majority of these cysts arise not at the 
parovarium but in the displaced ovarian or mesonephric tissues lying 
in the ovarian fimbria. The uterine tube and fimbria are stretched out 
over the surface and the owy is incorporated In the wall, so that it is 
only distinguished with difllculty. Such o cyst usually resembles true 
paroxarian cjsts in structure, but sometimes in place of clear fluid it 
contains pseudomucin. Occasionally intraej'stic epithelial projections 
occur, ns in papillary cystndenoma. 
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Aeoutie oenroma, 260, 319 
Acroemosis, 242 
AeUsatayeotu. 44 
of abdareioal orgaav 47 
of jaw and ton^e 46 
ofliTer,47, 577 
of lonss, 47 
AdaausUacmi, 407 

Aicsoeutiaosa, 93 See a'n Carnaoms 
Ad'nolTOpboma of Mlieary gUo l<, 4|3 
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of sdmul fiUnd, COO 
of breast 379 
cf brancbas. 346 
of colon. 514 
of irafl bbdd'r, S70 
cf hypophysis ccrebn. 249 
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of islets of Langerhans, 591 
ofkidaer, 632 
oflircr.677 
of pancreas. SOI 
of parathyroid glands 441 
of pitoilan gland, 2«9 
of prostate, 657 
of rectum. 514 
of stomach, 4M 
of thyroid gUnd, 428, 431, 432 
AdesomTOtsa. of oraiy, 667 
of uterus, &5G 

A6eaosareoma,of breast, 37S 
of kidney.631 
Aihesosspcntoneal, 541 
Aiipetis dolorosa, 62 
Adnsal gland, tnmours of, 604 
Aiysaule ileus, 497 
Aeroctle. cerncal, 4 >4 
intraoanial, 2C7 
Air embolism. 339 
Albers-S:bSabsr{ disease, 133 
AUafosis in pyfono stenosis, 466 
Allsetois, diseases cf, 644 


Amcabie access of lirer, 573 
Ampnlation neuroma, 320 
Anteoua, splenic, 690 
Asenryxn. 225 
arteno-Tenous, 226. 230 
cifsoid, 239 
intracramsl, 229, 230 
of aorta, 227 
«/ onoh/sf arterrof, 
of internal carotid artery, 229, 230 
of palmar artenes, 22S 
of popliteal artery, 228 
racemose, 236 
traumatic, 223 
sancose, 226 
Aneorytmil ranx. 226 
Angiosu or angioblasloms, 233 
arterial, 236 
capiUaiy, 233 
caremoos, 235 
of brain. 242 
cf breast, 376. 389 
of kidney. 632 
©flieer, 577 
of lung. 346 
of renal peln«. C32 
of ipiaal ronl. 300 
of spleen, 598 
of tonne, 402 

Ankle joifit, tnbemloeis of, 169 
Anaria, 641 

calcvioua or obstructire, C43 
post tnunatic, 32 
Anus, carcinoma of, 522 
Aorta, coarctation of, 365 
ApophynUf. of calcaninm, 137 
ol tibis, 137 
of rertebrs, 133 
Appendmtij, 524 
chronic, 532 
obstructire, 52S 
pain in, 530 

Appendix, actinomycosis of, 47 
adenocsrctnoma of, 533 
argentaCn tumour of, S3t 
camooid tumour of, 53 1 
dirrrticula of, 533 
foreign bodies m, 520. 529 
mtu.ssas'Yptlon of. 501 
mucocele of, 533 
threadworms in, 529 
ArtenUBa tumours of appendix, 
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of email intestme, 504 
ArTbesoblirtoma of ovary, 708 
Arterial angioma. 236 
ArterloKlerons. 239 
Attttio*Teaoas aneurysm, 226, 233 
Arthralgia, syphilitic, 196 
Artbnlix, 193 

I acute pyogenic, 193 
deformans, 197 
gonococcal, 191 
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Artimtit. RtimniatOQS, lOQ 
reuropathi<>, 201 
cf Tcrtcl f>i column, 207 
«{eo , iOO 
rheunstoit), 197 
sjnWljtjc, iOO 
lubercnlous. 181 
Upljoid, 191 

ArtlUD5iyp05U nsulUpIcs con;;c/iJta, 210 
AtlliropatbT. m iiTingoniyclia, 202 

tabcttc, 201 
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of, 193 ‘ 

Aiphrxta, trnumatic, 247 
AiCrocrtoma, 277 
AteleetuU, paJmonaty, 333 
Albetom. 2J9 

AUaj, hypcrcraw dcoalcifieation of, )27 
tobcTCDlcni} of, ISO 

BteiUsrii, tuberculous, 40,020 
Banti’s disease, COO 
Beneo-ToBcs prutcosurm, 171 
Bconsllmeene, carcmogeaio properties 
of, 75 

Bile, cosccutntiou of, &S0 
white, 681 

Bile dicta, carcinoma of, 673 
c^tic dilatation of. 579 
obatruetioQ of, 6$0 
atones in, 660 
Bili&r7 fwntoDJfii, 615 
Biotroptuc osteoma, 169 
Bladder, carcinoma of. CSO 
congenital obstruction at nock of. 
6t3 

direrticuluBi of, (>45 
esstrophjf of, 043 
iaflamnatiOQ of, C46 
leukoplakia of. 643 
papilloma of. 049 
aaicoma of. 052 
etoncin, 039 
tsbercBlaaia of, 027 
tumours of, &49 

Blood, coagulatioa of, in jaundice, 682 
Shd pfstehtsia pttrpun, C02 
Blood reascls, diseases of, 223 
dem^aerstjon of, 239 
obliteratire diseases of, 230 
tumoura of, 233 

Bloe sclene and brittle bones, 133 
Boeck’a saicoulosis, 25S 
Bone, aoatoznj of, 110 
aneurjsm, malignant, 1G6 
blood supply of, 110 
brittle, 131 
chondroma of, 169 
cysts in, 155 
hydatid, 54 
in osteitis fibrosa, 160 
diseases of, 110 
endothetiai sarcoma, 173 
endothelioma of, 173 
Ewing a tnmonr of, 173 
fibrocystic disease of, 149 
fibrosarcoma of, 175 
fragility of. 131 
giant cell tumour of, 160 


6n«, grafts, 120 
growth of. 112 

calLiiiro and phcspJionis Eieiatolum 

tn. 113 

in nekefs, 144 

Leriehoand 1‘ohcird s tbcor> 
phosphstMc In, 114 
vitamin D and, 113 
gummt of, 124 
hctorotopic. ur 
hydttid cyst in, 54 
fipoitf, granufoniafosfs of, 155 
marble, 133 
mjcloma of. single, ICO 
mnftiple, 171 
l*agcf'a disease of, IS2 
plumo ytonia of 171 
rwornJion of, 116 
rulers, 214 
sarcoma of, 164 
III giant'Ccll tumours, 163 
in 1‘aget s dt-,casc, 164 
ossification in, 1C8 
ScbQller CbnstUR dtecaAc of, 155 
syphilis of, J27 
transplantation of, 120 
tuberculosis of, IBl 
tumours of, giant-cell, 160 
malignant, 163 
metasutic, 175 
simple, 157 
XAntbomatcuis of, 155 
Bonne tuberculosis, 35 
Bteio, abscess of, S70 
angioma or ansioblastoma of, 2S2 
astrocytoma of. 277 
compression of, 265 
coficoasjoD of, 263 
contusions and Uccrationa of, 2Q4 
glioma of, 274 
gumma of, 2SS 

barmangioma or h»2saagioblastoma of, 
232 

hydatid cysts of, 54 
injuries to, 263 
medulloblastoma of, 280 
atfiuagKSts o!, 3tS 
codema of. 264 
sarcoma of, 378, 283 
spongfohlastoma of, 378 
tuberculoma of, 283 
tumours of, 271 
Brasclual ryst and fistula, 414 
Brascbiogeaetic carcinoma, 415 
Breast, abscess in, 369 
adenocarcinoma of, 384 
adenoma of, 376 
adenoearcoma of, 378 
adenosis of, 372 
angioma of, 376, 389 
carcinoma of, 379 

metastases of, la hone, 178, 383 
relation to chronic mastitis, 374 
spread of, 386 
oystadenoma of, 377 
cyatKs disease of, 370 
^wtossreoma of, 378 
cysts of, 374 
dmet, cancer of, 380 
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of, STS 

tf iheljJ pfdiftnti'-a Ib, 3T2 
tplisbcsL* of, 

«f the!ke j of, 3T2 
£tro-4d»£oa» of. 3T6 
cf. sra 

iEtr*d3ct caocer cf, 3*0 
ibto'bumi ch*Ei« in, 

Lpoca cf 5T6 
m’e, c*rci^?=» ct, 3s6 
caasiire tTpe-troptr of, 36a 
c:el*«=a'cf.S53 ' 

cyxosa cf. 3“6 
Pag*t * disease cf. 390 
fbTcoiogical cbacggg in, 367 
Pecla cr Scisaic«4f)ttscli i djcav*. 
373 

MitoBA of. 3:0 
Kinfsocj cutisesu of, 3S1 
lUuc t uJ t of, 367 
Untosa cf. SfO 
tnssAtis fat ecace.3 cf, 3'9 
tsbencfou of. 373 
Bittle hoest, 131 
Etoal Isgajnest, eT»ts cf. 7 10 
S79l'*s* >}«— of tcaoon, 59 
£•«£.•'« aUa»9a. ISl 
B'oneit. adtscea of 316 
«va£«o of, 347 
fo'ttja bodi^ia.313 
BnscfcUctast. 319 
Bmci} eomscea, 399 
BscTtt'i S43 
Bsisi, 31 

Bam. adrrn'tiioo*. 319 
B a.noa .ia 

Ccobs:, diTcrunlaB cf, 513 
CV.ctrtaa. ortcocLcedniu (cp^vy tu) 
of, 137 

Caleilcaboa of nil l-Udder, 3C9 
Caloaa ectaMua, m irUtiSQ to 
113 

in RUl.a> to Ofteioi Ei^ra&a. 151 
la kIiIko to co'coealacta. 117 
13 rU'ko to pont^Ticvl 
436 

Fbo«phaU*ei:t. Ill 
Calcaloas anTsu. &t* 
prBScpirtMJ, 523 
Caicalai, biliair, &57 
7*acr»*jc, £90 
ptntatic, 651 
rraal,C3S 
•aliTvy, 410 
t=it«al.«33 
errtij»1.6t0 
KRsarr, 635 
ca;ta(i,611 
»w>saJ,639 

CartscU cf Lidnc;, €34 
Cardsetcaie bnirombom, f 9. 75 
CireseJ temoor of app'cia, 534 
Cirgaaya, ST 
aI>pNl iQcmaccf. 64 
t*»d-<«Il,51 
cf fvc, 394 
inoeixiccsrtie. 4 15 
Brodm eU».£c«Uca cf. 59 


> Camsom, bfMi!eiual,3l4 
[ fcaecml.3^ 

^ clmnccT-rcecps’, 71 

cli'vi'xac, of tes*B,671 
J of Biftvt, 696 

coIlo,4.91 
of breast. 3^ 
of gall bladder, 573 
of RCtna, 520 
of ftoBacb,475 
rs cainaMc. 3:S 
ozpmtncstal prgds'tioa cf, 67 
faciSiaf iocnf>>Q>*ie cf, fi5 
iibtgerll, 67 
gUcdnlar. 03 

ftadea cf nalianancr cf. S'* 
benditT asd. €5 
tani&ccoof, 63 
intra-dnct. of bmit, 3^> 

i madiatioii. 107 

Irritation aj eanse of, 70 
J*csta * monio, 66 
Lbarign. 71 
lopos. 91 
of far*. 395 
■arlacotic. 93 
aaeei(f,94 

of bladder, 573 

of n«raB.5i0 
of f*offiae&, 475 
t3s!e<«pi££era , 73 
o*t.««d. 347 
cceepa^mal, 7) 
o* adj’Tul 9la&d, V»> 
of 6S, 66 

of anna. 533 
cf •Fjeedx. 533 
of bilodjcte, 57$ 
cf biadicr, 650 
■ cf breort. 379 
I O* CCTTia Bten, C®9 
ofco>co,5l5 
of cpwiidjCLj, 666 
of fa<*.334 
of rall'bladfe'', 570 
ef iiTpo^ju eertbn, SSO 
cf interuite (iBallL 5^ 
eftedser, 

bone Mtutasea la, ITO 
offaryar, 4^^ 

I oflip.3'^ 

cfliTor, 677 
cf Inng.Sl? 
ofisostli. 399 
of «B(o({;a«ca. 453 
cl OTiry, 703 
«f{a&3vaa, 692 
cf parathymi gUn-it, 441 
of pen,!. M 
c* l*n‘oo*«ns. Sts 
«fpbar7na.415 
cf f itcitary glacd, *!•) 
of cnartate, t^S 

b>»e Bttastaaea in. ISO 
o! rec*iin, 513 
cfitaaIpelTa.631 
of aalrrarj- glinilf . 41; 
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C«rdooa«of Krotum, 71 
BS 

of «njnll mtoafinc, 505 
of*pl«;n,fi99 
of atomsch, 473 
of thymnn, SCO 
of thyroW, 432 
bone metaslaata in, 170 
of totiffue, 399 
of ura^iM, 044 
of uterus, CS9 
papillary, 91 
paraffin, 7l 

parasites as causo of, 74 
pormoatlon of, 61 
post-CMCoiJ, 44*> 
radium and, 166 
sarcoma contrasted mtb, 87 
shale oil, 71 
limplex, 01 
iphero{da}>cell, 0l 
sprciKl of, 60 
squamous-cell, 68 
of face, 303 
tar, 6S, 75 

Ibeoriea of cause of, 72 
X-ray, 107 
Caidloipum. 450 
Cantld body, tumoura of. 415 
Carpus, traumatic dystrophy of, 141 
CattUaae. lutcfrcrtebral, affections of, 2^8 
313 

nutrition of articular, 193 
Rpalr of articular, 103 
Hmiluoar. cyst of, 207 
discoid. 207 
tuffloun of, 159 
Causilria, 313 

CaTsrsoas sinus thrombosis, 270 
CeUubtis, 16 
anaerobic, 23 
CeuMutoma. 409 

Cerebral arteries, aneurysm of, 22$ 
Csrebrosplnal fluid, 200 
in poliomyelitis, 303 
in spinal tumours, 302 
Cerebrnm, abscess of, 270 
angioma of, 292 
irritation of, 204 
mdema of, 264 
tumours of, 271 
Cer«s uteri, carcinoma of, 683 
erosion of, 6S1 
Cbanere, of lip, 394 
of tongue, 303 
Charcot's jomts, 201 
Charcot’s syndrome in cholangitis, B75 
Chicken tumours, 67 
Chimney-sweeps' cancer, 71 
Chocolate cyst of oyary, 702 
Cbolamia. 582 
ChoUnyitic abscess, 573 
Cholangitis. 661 
Cholecystitis, acute, 563 
chronic, 562 

Cholecystitis, glandularis proiiferans, 663 
Cholesterol, in bile and gall stones, 558 
in pleural effusion, 331 
Cbolesterosis of gall bladder, 566 


Chondrodysplasia, loO 
Cbondfodistrophia fcetalis, 134 
Chondroma. 159 

In relation to diaphysial aclasis, 129 
of Tertebrc, 300 
synoeial, 200, 206 
Choadro-isrcoma, 169 
Chordoma, 30 4 

Chorlo-aflenoma destruens, 69t> 
Chorio'earemoma, 606 
Chorlonepitbeboma^ 60C 
of testis, 071 

Choroid, melanoma of, lOo 
Chromaflm-ceU tnmours of adrenal eland 
C04 

Chromaiophoires. 100 
Chylotboray. 330 
Cirsoid aneurysm, 236 
Colloid adenoma of thyroid, 420 
oarrinoma, D* bee alto Carcinoma, 
mocoid 
goitre, -126 

Coton. adenoma of, 514 
carcinoma of, 515 
congenital alnornialities of, 507 
congenital dilatation of (Hirschsprung 
disease), 607 
diseases of, 507 
diTerticula of, 6ll 
divcrficuhUs of, 611 
tipoma of, 614 
, papilloma of, 614 
polyposis of, 614 
tuwrculosis of, 609 
tumours of. 514 

CommoB bile duct, cystic dilatation of, 
679 

obstruction of, 580 
stone 10, 660 
Conenssbn, 263 
Contracture of muscles, 210 
Volkmann'a ischsmic, 212 
Cord, spinal, tumours of, JOO 
Costo-claneular Syndroms, 303 
Counterbalance, renal, 616 
Coxa Tsra, in osteitis deformans, IS4 
ID osteitis ffbiosa, ISO 
IQ osteo attbniis, 200 
to osteochondritis (Perthes disease], 
135 

m osteomalacia, 149 
ui rickets, 145 

Cranial nerres. injuiies to, 267 
Craniophaiynsioma, 292 
Craniotabes, 129 
Crush syndrome. 33 
CttsUng’t ■yndrome, 607 
Cyanosis, traumatic, £47 
Cyst, braucbial, 414 
chocolate, of orary, 702 
dental, 405 
dentigerous, 408 
dermoid, of brain, 283 
of mediasUnum, 351 
of mesentery, 553 
of mouth, 403 
of oraiy, 700 

of retroperitoneal tissues, 553 
of sacrococcygeal region, 306 
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Cjit, d»nixcsd of testis, 671 
cf tongo», 403 
eehisocoeeal. 40 
endeaetml, TOd 
eotm^noM, 5M 
foUicTiUr, of OTMy, 701 
gas. of latest me, 5W 
gboieatoas, 273 
hydstid. 49 
of booe, 54 
of biam. 54 
of kidaey 64 
ofliTer, 62 
of IiiDg, 54 
loteat, of oeaty. 701 
ae*entenc, 5o3 
meaccohe. 554 
of bile duct, 579 
of booe, 153 
bTdatid, 54 
m osteitis Cbroea, ISO 
of breast, 370, 374 
of brood ligsraent, 710 
of epididymis, 666 
otudaej, 612, 613 
ofltrer, 573 
of BtdiuUnBm. 331 
of tanueei of knee. 207 
of Deoe&'ery, 553 
of orary, 701 
of 553 

el p«nranaffi.7]0 
of CMneoecTgeal regtoo, 306 
o{ tpleca, 59$ 
of tnTBOi, 33S 
of tongne, 4(M 
of mehas, 644 
po*t.«sal. 307 
reuopeiiloneal, 553 
npniaellsr 292 
(byTOglaasal. 420 
in tosgne 494 
tnehe^trocehia], 352 
trsnmstic etibdar^, 2S6 
ercgetiital, 5^ 

Cri*adeiiOBa, of breast, 377 
cf oTuy, 703 
of poarreas 591 
Cyitie hTgroma, 254 
Cntinsni, C37 
Cntm caLnlns, C37 
Cnt:tis.&16 

allains incnated, 643 
Cystiu, 64$ 
empbytems'coa, 643 
rare forms of, 64 S 
tnbeunlons, C27 


Dsetylilis, typhilitio, 129 
tobettBlosu, 199 
DeealRaeslioB. bypet»wic, 127 
Debydradoa, 25 
Dtsul eytt,406 
De:t.se>ou cyst, 40$ 
Dermatitis, irradutioc. 107 
Dermed cyst, of brain, 2S3 
of mraisstisnE]. 35 1 
of metcetery, 5^ 


Dermoid cyst, of mouth, 403 
of orbit, 2S3 
of orary, 700 

of letropentoneat tissues, 553 
of aacrcecccyseal xegioa, 306 
of testis, 671 
of tongue, 403 

Desmoid tnmour of abdominal vaU, 219 
Denlsthlindn’s disease, 142 
Diabetie gangrene, 240 
Diaphysial aclasu. 129 
DieoBitoI, 224 

Dflatshon of stomach, aente, 433 
Discs, tntemTtebrml, aSeetions of, 293, 313 
Disloeatioa of yoints, habitoal or recurrent, 
209 

pathological, 20$ 

Dieertiralitif of co'on, 611 
DtrerUeolosis of colon, SIl 
Diferfacolamordirerticuls.ef appendix, 533 
of bladder, 645 
of coton,611 
of dnodenum, 4S6 
of ileum (Meckel). 492 
of ceaophsgus, 449 
of phaiynr, 442 
of small inteaUce, 492, 493 
Dopa TcactjOB, 09 
DuA earmoma of breast, 3S0 
popiUoma of breast, 37$ 

Dneiss Axtanons, palest, 363 
Doodesal ileas, ehroiuc, 4$4 
D^eoum. dirertienla cf, 4S6 
nicer of, 4o9 

Dnn mater, endothelioma or meningioma 
of, 272 

DysehendrorUxu. 131 
Dyspbara, tpasmodie, 447 
Dystrophia adiposa getuta]is,£S7 
Dystrophy, metslanal, 141 
muscular, 2)0 

Ectfaon&ruma, ItO 
Echmococew disease, 49 
Ectopia Ttaics, 643 
Elerbantiaxs, 250 
nemumatosa, 310 
Embolism, air, 339 
fat. 335 

of Deeentene Tesaels, 551 
pulmonary, 326 
Eobryoma, of kidney, 631 
Empyema, acute. 320 
chronic. 331 
ofappendiz, 528 
of gw bladder, 664 
Ecchondnma. 160 
EEdometrial cyst of oraty, 702 
Eodoaetrioma, 656 
Endometnta, acntc. C78 
atrophic, ^2 
chronic cerrlcal, 6S I 
chronic corporeal. 68 1 
gonococcal. 679 
bypertropbic, 682 
poerpetal, 679 
acnilc. 682 

Enlomstnum, menstrua] changes in, 676 
sarcoma cf, 692 
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£iid6tli»])«] sarroma of )>onp, }'JX 
Efliiof&flioaSi 07 
dural, 272 
of Woe, 173 
cf ovary, 70'» 

of sfiinal cortl (mctun^'ioma), 300 
Enlerle pn«imatoa>«, 601 
EottiocntOiBs. 493 
E&terogcaQus cyeta, 651 
Esteroteratoioa, 493 
Eresdjaa, tumours of, 2:»3 
ErMemoid caromoma, of bSaildcr, 651 
of Final pelvis, C3l 
EpididTtnls. epta of, COb 
B^philia of, GC7 
fuoctvulwvof. 657 
tumours of, 666 
EDlmaibus, 96 

ErlchnitU (oeteocliondritis luremlis), 135 
128 

EDlFtrophaoi. tufKrculcnis of, ISO 
Eplthelioeta, 88 Sfeol*'»Carcla<>ma 
llrodcn' cltssjfieatlon of, 69 
chimnoj tiroops’, 71 
chorioRK. of tntis, 671 
of utenia, 690 
padrs of maJisnanej of, 69 
lupui, 91 

mula-apinncn', 72 
of aiiQa. £22 
of bladder. G60 
o! birast. 3^9 
of face, 395 
ofhp, 393 
of peril*, 90 
of renal pchu, 634 
of skin, 88 
of tongue, 390 
parafGa, 71 

Ec^pboran, cyet of, 710 
development of, 654 
Epnlis, 405 

Erosroa of cervix sten, CS t 
EryupeJas. 16 

Ery tbiocy asosis fngida, 2 1 2 
Ewms’t earcoma, 173 
Ezomphalos, 459 
Ezopbtbalnile goitre, 428 
bonechangcain, 114 
opbibalmopl^a, 422 
Exophthalmos, pulsating. 230 
Exostoses, false, 214 
ivory, 167 
mwJripIe. 129 
Single, 157 

Exstrophy of bladder, 643 
Extradural abscess. 269 
bsemorthago, 265 
Extravasatioa, biliary, 545 
Eye, melanoma of, 105 


Face, basal cell carcinoma of (rodettt alter}, 
394 

squamons-eell carcinoma of 
fepitbelioma), 395 
Facial bones, tulwrculosia of, 190 
PBllomau tubes, mOammation of, 69S 
tumoara of, 700 


Fat jjnnMie, in pancrcatjtj*, 5^'> 
Iraufijatji, 

Fihro-adeDOma of breast 370 
Fibrocystic diteaso of ttstis, 070 
Fibroid tumour, of oiory 709 
of uterus, 

recurring of alxlomu tl wall 2lo 
^hro-lipoma, 81 
Fibroma, 77 
of abdominal u nil 216 
of brrist, 37B 
of kulnei. 6 >2 
of mciliaatinum, 152 
of tuuscle, 215 

of tjencs (neuToCbroma) 3lo 
of ovary Jtrff 

ofakintmoUusLum librusum) 3IS 
of amaltintcsCme, 5tl3 
of tongue. 402 
rccwfnrig. 78, 2IC 
FibroBtycma. of ovary, “OJ 
of uterus, t*S3 

Fibrosarcoms. 8S 6<c a!*o bant ma 
parosteol 176 
Fibrnaia, of prostate GCl 
of uterus 682 
Fubscale gall bladder 5t>ti 
Flstola, arteno venous, 226, 22”, 280 
brancbial,4U 
pastro^obr, 471 
gaatro jejuno colic, 471 
lateral, of ncek, 414 
I post anal, 307 
aacro-cocc) goal, 300 
(tyroglofsif, 

Floid Balance. 25 

** Foamy cells,” ift giaat cell tumour", 
]C3 

m slrawberry gall bladder, 6C7 
In xastlioma, 70 
Foot, jaarcbuig, 112 
Fortiss bodies in bronchi, 342 
Fractures. 117 
delayed union lo, 118 
non union in, 118 
of skull. 20? 

Fragilify. of bones, 131 


CaUctoeele, 375 

<faU>bIsddeF, calciHostion of. 5C9 
carcinoma of, 570 
cbolesterosia of, 666 
enjptyjflg mechanism of, 654 
empyema of, 664 
functions of, 65C 
mOammatton of, 557 
U|xu«l polinl of, 6C6 
muiocvle of, 663 
perforation cf, 646, 564 
etenn lerrv, 5W» 
tumoura pf, 5*0 
mlvulns pf, 670 
QalUtcue ileus. 662 
Oall-stoues, M7 
Hi biU duet*. 6C0 

In leUtiou to carcinoma of the gall 
bladder, 670 

in relation to hamolrtic jaundice, 600 
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GiB-bUdier, in reUtioa tn pregnar.ejr. 

recuTTtncecf, 561 
Otsttios. 2^1 
compound palmar, 2tS 
CiESlxotenron*. 97, 320 
of adrenal medulla, 606 
el mediastinuia, S52 
of retropentoaeal tissues, 554 
Castreoe, diabetic, 240 

pMt^cperatire, of skin, 23 
ceaile, 210 

Gti cysts of intestine 304 
gangrene, 20 

Gartnc carcinoma, 473 S*t alto btomafl* 
ulcer, 4aD 

Gastm-cobe fistula. 471 
GastR^iejBaal nicer, 469 
Oartru*]eiBii»^liC ^ula, 471 
Gaitr^jejusortomr, compltcatioas «>, 

Gastro-mesentene ilens, acute. 4S4 
Oaneber's disease, 80 
Genital tract, temide, diseases of, 676 
male, derelopment of, &>4 
diseases of, 654 
tuberculosis of, 634 
Genu recurratum, eosgetuUl, 211 
Gianl'CtU tumour, of Mae, 160 
in osteitis fibrosa, 131 
ot}av,4G4 

of teadoQ abeatbs, 219 
GUal. (namcaary, 367 5<« sfw Breast, 
lymph, diseases of, 249 
tobereulosisof, 33, 232 * 

in mesentery, 530 
uaeefc, 233 
QUania, of bnia. 274 
of spiMl cotd, 9’0 
CUoBLstoBJ eytt. 273 
GUosareoma, 273 
Gloniil taaour, 321 
Glomacgioxni, 321 
GloanlA ebronic superScul, 390 
srplulitic. 3J9 
Goitre, sdeaoid, 422 
adenomatous or nodular, 426 
collcud, 420 
tx&pbtbalaic, 423 
ittrathataci*, 354 
Ij'mpbadeno'd, 422 
paren'-bymatona, 420 

Gonoeoeeal lofeetion. of burese, 221 
of Fallopian tubes, 693 
of joints, 194 
' 'of pentooeum, 541 
of leodon sbeatbs, 218 
GranelonreeQ tumour of orary, 707 
Grares' disease. 423 
Osmaia. of bone, 123 
ol brain. 2»3 
of joints, 19t> 
o! lirer, 676 
ofitomach,4V> 
c! testis, 607 
of tongue, 399 

Gaaaatons otteo-penostitu 123 


I Brestangioini or hxmangioblastoma, 233 
I aiterul. 230 
capillary, 233 
I careinoaa. 235 
i of brain, 2S3 

of breast, 370, 3S9 
ot hadtrey, 632 
of beer. 577 
ot long, 235 
I ofmosele, 215 
of renal pelns, 632 
i of spinal cord, 300 
of spleen, 69S 
' of tongue, 402 
'| 'Bsematseiesis. 

Hamxtocele, 663 

Bamaloma of reetna abdomuus, 214 
Hafflolybc jaundice, 599 
Earaonbage, effects of, 27 
eitradural, 265 
in laondiue, 582 
in splenic ansnua, 601 
into rectus abdominis, 214 
intracranial, 26.5 
sabaracbnnid, 266 
subdural. 266 
HamOTTboids, 246 

Hand-SebfiUer^Cbrutlan disease of boues, 
I 155 

I Hasbimoto’s disease. 422 
Heart, diseases of. 361 
Bsbetden’i nodes, 201 
HrptnB.224 

Hetetutopie osaficatioo. 117 
Eip.osteocbondn'isjUTenilisof, 135 
tuberculosis of. 136 
Birsehspnmc’i dueasc, 507 
Bodflos’i disease, 256 
Horsesbos kidney, ClI 
Bour>(lm deformity, of stomach. 467 
tumours, of mediastinum, 352 
of spine, 300 
Bydatij anaphylaxis, 52 
cyst, dsrelopment of, SO 
of boon. 51 
of bnia, 54 
of bidoey, 54 
oflirer, 54 
of lung, 54 

Bidabdilorm mole. 69 j 
B jdroearboni, earcinogenie, 69, 75 
Hydrocele, 664 

•j 

Bydnhegatosii, 531 
I Hydronephroni.614 
' tamobile kidneys, 618 
I pyelo-Tenons buUov In. 015 
I toberculoos, 626 
Hydrosalpinx, 699 
Hydro-Ureter, 614 

IQ cong^ital Tesical obstruction. 613 
I IB pregnancy, 616 

la prostatic disease, 600 
Hygroni, cya‘ic. 254 
Hyperamie decalcification, 127 
' Hyperneebrosu. 627 
boos metastasea of, 179 
I HypsrparathjToidam, 439 
' in osteitis fibrosa, 151 





710 


HrCnleaiiisa, S30 
njtopmthjiojaum. 
n/pppJjyjJj ccnhr}, .’S> 
adenoma of, 2S3 
carcinoma of, 200 
aupraacUar cj at of, 2' " 

] etero}. ba’mol^ tic or acboJurJc, 

IWttj, regional, 502 
nexrocal region, actmflmjcoan of, -17 
tMWfculoeJ* of, 609 

tleom, tubcnruloaia of, riOI f!rt nf*«» 
IWcsline, imall 

Hew, adj narmc or paraljfic, 497, &i0 
clironie duodenal, 
diiplei, WO 
gall atone, 662 
Hiam, Mteonnelitiacif. 124 
I&Iaatila jMrafjmi*, 303 
raSasmation, 1 
laiwles, to cranial nertea, 2t>7 
to aLtill and brain, 263 
to arfecn. 69S 

iDtestine, endgmelnoma of, 65*4 
Raa cyata of, 504 
inlnMuaecption of, 496 
large, 607 Ste nleo Colon 
congenital abtionnahdc* of, 607 
diverticula of, 6l( 
lIirKhspning’a disease of. 507 
tubcrcu/oeisof, C0'> 
tumouraof, 814 
objtrnctionof, 4W 
roiaticrul anomaliea of, 4siS 
iniall, adenoma of, 603 
argentoffine tumour. 501 
careiooma of, 504 
direrticufa of, 49'}, 493 
aarcoma of, 603 
tubetculoeisof, 601 
luRkoun of. 604 
uIcCTs of, 602 

fotra*oaQaliC^ar Cbro adenoma of breast, 
370 

lotracnsial aerocele, 207 
aneurjam, 229, 230 
dcrmoide, 293 
bamorrbage, 203 
oateophytM, 16S 
auppiiration. 268 
tumoun, 271 
foJfafff rtie papiM<m», SP 
IntnuQsceptioo, 498 
of tbo appendix, 501 
lodiaa in relation to goitre, 418, 424 
fris, meianoma of, 103 
Inadiation carcinoma, 107 
denDatitjB, 107 
pathological effects of, JOO 
fschesmia. effects of, 236 
Iscb^mic lesions of nerves, 213 
Islet cell tumoor, 691 
Ivory exostosis, 157 



obstruetire, 680 
law, actinomycosis of, 46 
cysts of, 406 


I law, odoiitom \ of, 4Uo 
’ tnmonrs of, 404 
I /efaaa-<olie Salah, 47l 
j Xelnamn, ulcer of, 460 
I 3oisU, 103 

I acuto infections of, J93 
Charcot'h discaao of 201 
j divlocatiort of, habitual or recurrent, 209 
' patbologicii. 20S 
j gonococcal mfccfimi of, 194 
j loose bodies in, 294 
. ncuropatluo dimase of, 201 

I rheumatoid djseasD of, ]D7 

synbilisof 196 
tuberculosis of, ISl 
typhoid infection of 1D4 

Keloid, 78 

Kid&ey. abscess in, 023 
adenocareinoma of, 6j? 

bone meUstascs m, 179 
adenoma of. 632 
adenosarcoma of, 631 
angioma of, 632 
calculus in, 638 
carbunelo of, 624 
caseous. C26 

coRgcmtal anomebea of. 610 
cystic disease of, G12 
cyst of, 613 
dcvefopmcDt of, 6/0 
embryoma of, 63i 
fibroma of, C32 
fused, 61) 
tiorse^oe, 611 
hydatid cyst of, 64 
bypernspbroma of, 627 
fipoma of. C3S 
malformalioiu of, 610 
mixed turoonn of, 631 
mobile, m fciation tobydronephrosis, 6]8 
pelvic, 6tl 

polyrystie disease of, 612 
pyogeme infections of, 821 
sarcoma of, 632 
aupemumerary, 610 
(ubercufosis of. 634 
tumoun of, 627 
KtenhGck's diseau, 141 
Sues joint, congenital dislocation of, 21 1 
cysts of menisci of, 207 
discoid menisons of, 207 
tutorculosis of, 188 

I KdUsr’a disease of tarsal aaricular, 137 
E6b(er*rreiberg disease, 143 
Erokeoherg tumour of ovary, 709 
EammeU’s disease of vertebne, 140 

Laryugocete, 414 
baiynx, carcinoma of, 445 
beramyoeu, 82 
of cesophagus, 453 
of stomach, 480 
of uterus. 683 

tienche and Pohcaid’s theory of 
ossification, 1 16 
tenkoplakia, of bladder, 648 
of cesoiihagus in carcinoma, 453 
of reoai pelvis, 622 
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of toogne, 390 
lijBeotis thyrojditu, 423 
llom*l IhjToid. 420 
Up, circmom# c5,393 
syphilitic chsncre of, 304 
Upoid gTsnuIomatosu of bonra, 15 > 

Lipoma, fO 
diSosc, E2 
eztradanl. 300 

intennuscoUr, 210 
multiple, 81 
of Lreut, 370 
of colon. 614 
of Lidsey, 632 
of small inteetme. 503 
of tongue. 403 
retroperitoneal, 5»4 

Liposaicoma, 81 
Urer, absceea of. 673 
aetmomycOTiiof, 47 
cysts of, 675 
gemma of, 670 
hydatid diWase of, 62 
syphilis of, 576 
lumoura of, 677 
Losata bone, dystrophy of, 141 
tnsc, absceu of, 341 
aetinomjeoais of, 47 
adenoma of 3(0 
ateleetasia of 333 
carcinoma of. 347 
eoBgemtal cystic disease of. 3t3 
diieaaea of. 333 
hydatid cyst of. 64 
IKMt-operatiee «ml>oIi.im of. 336 
auppnnlioA in, 340 
tnlernilos.* of, 3(3 
tamonn of, 346 
Lepu carcinoma, 01 
of face, 393 
elepbantiaaifc 260 
Lateil cysts. 701 
LymphldeutJ. acote, 257 
chronic, 251 
tchercoious, 39, 252 
of meeentery, 650 
of neck, 253 
Lymphadesoma. 26u 
Limpbasgioma, 264 
Ljmpb glands, structure of. 240 
tul«rmlc)sia of, 39, 262 
of mesentery, 645 
LymphoiraBuloma inguinale, 610 
of rectnm, 310 

Ljmpboma of siuaU intealine, 603 
Lympbotaieonia, 254 
of mediastinum. 362 
of stomach, 470 
of tbymos, 359 
of tongue, 402 

Lymph Teasels, obstruction of, 249 
tumours of, 254 

Maligaist tomours, generalcharac(ersof.56 
Kanisary gland, diseases of, 367 5<c^s9 
Breast 

Xtodills. tnmoun of, 401 
Uarbls bones, 133 
Marcblsgfoot, 142 


Mastitis, aente, 360 
chrome cystic, 370 

relation to carcinoma, 374 
jieooatDTutn 3GS 
puberal, 308 
MaxilU. tumours of, 401 
Meckel’s diierticnlum, 492 
Medustunm, cysts of, 361 
infectioos of. 350 
totnoars of, 3S2 
Mednllohlutoma, 280 
Megacolon, congenital. 507 
Ueig’S disease, 709 
Melspa. 4b3 

Melanin, physiology of. 08 
Melanoma, 03 
benign. 101 
malignant, 103 

n^rna-eell. 101 
ocular, 105 
of breast, 3S0 
of o»«ry. 700 

accondsrtly pigmented, 10! 

Meamgioms, cnoisl, 272 
spinal, 300 
Ueungocele. 206 
Meniscus, congenital discoid, 207 
ejata of semnsnar, 207 
Mensltnatioo, physiology of, 677 
Mesentery, cysts of. 653 
tobcrculosis of glands in, 650 
tiuDOurs of. 653 
rascular occlusion of. 651 
Mesonephros, anomalies of, 009, 654 
dertlopfoent of. COO. €54 
Metanepbroi. dorelopment cl, 610 
Metaphysial aclasis, 120 
Metspbpis, relation to hono diseaaei. 111 
HetaststietomooraiD bone. 175 
Uetstonalgia. 142 
MeUlarsns. dyitropbies of, 141 
Metntls. acute, 670 
chronic. 0S2 

UicrOcoIOB. congeniUl, 507 
Mid-got. asomaliea of, 488 
Mikniics’s disease of silirary glands, 411 
Mixed tamours, 05 
of hidneyt, 631 
of aaliTaty glands, 412 
Mole, byditidiform, 605 
inrasire. 600 
Mollnscum fibrusum, 318 
HbnthehtTt's sclcrtMii, 230 
de Uorfao'f spots. 233 
Moose tamours. 65. CC 
Meoth. carcinoma cf, 309 
cysts of. 403 
dermoid cyst of, 403 
Mneocele, of appendu, 633 
of gall bladder, 5C3 

Ooeoidcamnoma.Ot ^erafwCarcinoma. 
niicoid 

Mole tpiasers’ cancer, 72 
H&12e*ian duct, dcTclopment of, 654 
Mnltfloenlar cj st, cf jaw, 407 
of oraiy. 703 
Halbpls exostoses. 129 
Mnstles, contract nre of. 210 
disoasca of, 210 
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Staicles, dfHlrophiM of, 2J0 
ossi^catiOR in, S14 
raptore of, 213 
tomoursin, 2]5 

MyutbeDls grotj*. tlijmie f nlaqjrroMit In, 
357 

Urelocele, 20 i 
UTtloid sarcoma, IGO 
Ureloms (giact-celUumour), 160 
Ujeloms, multiple, 171, single, ICO 
white, 162 

SlyelomeoinKoeele, 204 
airobisstoms, 67 
MyoffiS. S2 
of (Biophigaa, 453 
of small intestine, 503 
of stomtich. 460 
of uterus, 633 
Myosareoms of uterus, 603 
UyositU ossifiesns, 214, 216 
Uyiosia, 62 
of hrc&st, 376 

ResTQS. 233 £‘««rf*u Hamnivgioma 
pigmented, 101 Melsnomi 

Seeic, actinomycosis of. 46 
Ktoplasas, 60 Set also Tnmonrs 
Nephntu, suppuratire, 623 
Ksm, median. cotnpreMion of. 311 
diseases of, 303 
IxliBmic lesions of, 213 
sarcoma of, 310 
tnmours of, 314 
Kesidiobiastoma. OOi 
Ifenritis, due to pressure. 103 
IrAchial.SOS 
sciatic, 312 
nlnar, 311 

Ksotolilastoma or iieiiroo^toms. 07, 320 
of adrenal medulla. 603 
of retroperitoncfli tissues. 554 
Neurocytoma, 07 

NearoStirami. of neoustic nerre 2(0 
of spinal ncrio roots, 300 I 

NenrofltiroaBtosu, 315 . 

Renroma, 316 
acoustic, 280, 319 
false. 316 
ganglionic, 320 
ploxiforra, 318 
stump or amputatioo, 320 
Rearopatblc arthritis, 201 
Saw growths, 50 See also under Tumours 
Carcinoma, etc 
Hismann-Pick dwease, 80 
Ripple, i*aget a disease of, 300 
Rodeg, Heberden’s, 20V 
periosteal, 127 
RonTOtation of mid gut, 401 
Ron-BDioa of fractures, 118 
Sotochord, tumours of, 304 
Rnclaus pulposus, afleotions of, 293, 713 

Obstruction, of appendix, 528 
of bile duct, 680 
of intestine, 404 
Oeeapational tumours. 71 
Occlar melanoma, 105 
Odontocele, 408 


Odonfoae, 405 
fCdems of brain, 204 
Boltd. 250 

fEtophageciasia. 450 
(Ssophaysi, achalasia of, 470 
carcinoma of, 453 
congenital abnormalities of, 448 
dilatation of, 4S0 
dieertieuU of, 440 
peptic ulcer of, 462 
Btmpfc tumoun of, 453 
spasm at entrance of, 447 
CEstns, physiology of. 678 
rcUtion to carcinogenic agents, 76 
Ollier’s disease (dyscliondroplasia), 131 
Omrotnis, action in peritonitis, 537 
sarcoma of, 543 
torsion of, 550 

Osgood'Sehtatter disease of tibia, 137 
Ossification, III, ilO 
effect of Mood supply on, 117 
endochondral, 112 
heterofopic, 117 
incwatriees 117 
10 costal cartiMges, 117 
in fractures 117 
ID muscles and tendons, 214 
in myositis ossificans, 117. 214 
microscopic features of. III, 112, 1 16 
phosphatase in, 114 
I relation to Titamin D, 113 
riclcety, 143 
Osteitis ucformiDs, i52 
fibrosa, 140 

relation to pars thyroid glands, iff), 430 
syphilitic, )27 
tnorrculous, 181 
Osleo>aTlhiitis. 100 
Osteoblasts, function of, 116 
Osteochondritis, dissecans. 205 
juveniiis, 135 
sypiiiiittc, 128 
Osteochoadroms, 150 
Dsteoclastoma, IbO 
Osteoclasts, function of, 116 
Osteodystrophy, fibrous, 149 
post traumatic, 138 

Osteosenssls, microscopic features of, 111, 
il6 

theories of, IIG 
Osteoceoesisimperfecta, 132 
Osteogenic aarcoma, 164 
Osteoma, biotropbic, 160 
caneeltous, 160 
compact or ivory, V57 
Osteoma of spine, 300 
traumatic, 214 
Osteomalacia, 147 
OsteoBiyehtis, acute, 131 
clironic, 124 
syphilitic, 123 
tuberculous, 161 
typhoid 125 

Osteoperiostitis, gummatous 128 
Osteopetrosis, 133 
Osteophytes, intracranial, 158 
Osieopoibjjy, 134 
Osteoporosis, post traotoatie, 138 
Osteosarcoma, 164 
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Otoielerotu *8d bon* frtjSity, 133 
Onnu honaones, 677 
Otitt, 4rT!i«JobUstoni* of, 708 
cftrcinotna of. 703 
cyitadenom* of, 703 
CTft* of. 701 
denaojd ejit of, 706 
eodometnoifik of, 637. 703 
eadotholiom* of, 703 
fibromi of, 703 
fibroniTOins of, 703 
(rranaJooa-cell tumour of, 707 
Kxukenberg toiacmr of, 703 
mrUsomm of, 703 

mclttloccUr (pMudomurinous) cjat of, 
703 

pApilUry cytt of, 705 
rbabdomyom* of, 703 
s4r<W{nA of, 703 
ter»tom* el, "OO 
tumoun of, 701 
Osaluria, 637 

PftCet’i due^M, of bone, 152 
of nipple, 300 • 

Piia, •bdomutfl, in eppeodiatu, '•yt 
futrie »Dd daoden*], 458 
Palite, taoourt of, 403 
P&serets, 4cut« oeerotu of, 684 
odeftoms of. 631 
calealoa of, 600 
tmmaoiu of. 692 
cMt of, 688 
ui*t<«U tomoor of. 601 
luspte tnaioun of. 631 
Pisenititii. «eot«. 684 
ebrooK, 688 

P»p31iry eyrudenom* of o»*fy 705 
oor-iooau. 04 
of KB4l pelru, 634 
PtrOIoma. 85 
infectirr, 85 
of blsdder, 643 
of brcMt, 378 
cl colon, 86, 614 
of gtU bUdder, 570 
cl ren*1 peln*, 633 
of tonjoe, 403 
Tece'f*!. 85 
Partfla wfteer, 71 
PmristliOBia of carotid body, 415 
Ftrairti*. infantile, 303 
Volkmann'* iB-hisinj*, 31 J 
PartpUcU. Polt'a, 185 
Parathormone, 436 

in relation to ealciam and phoephoros 
metabolinn, 113 

Panlhrrold gUi^t. adenoma of, 440 
earoinoDia of. 411 
relation to oe*eitu fibrou. 161 
ParstU {land, dueaaes of, 403 
tomooreof. 413 
Paroeanno, cyita of, 710 
Peats, carcinoma of, 00 
Peptle oleer, 453 
of jejanoni. 453 
operatiee complications of, 472 
PericaaaUealar fibn>-a/lenoma of breaat 
376 


Pencirditis, conatnctiTe. 362 
auppmatire, 361 
tnononloiu, 361 
Peneardinia. ^teaaea of, 361 
Pemephne tatooma, 551 
Periosteal node. 137 
aartoma, 165 

Periosteaa. relation to bone fonsation, 

114 

Prrioslitu, syphilitic, 138 
PenthehoBi of carotid body, 415 
Pentoneam, afcaoiption from, 636 
adhesioas of. 541 
diseases of, 536 
exodatea, characten of, 630 
paeBdomyxotna of, 548 
tomours of, 549 
mtersbede of. 537 
Pentonitis. acola, 538 
biliary, 545 
gonococcal, 541 
Pentoaitis. pseomococcsl, 542 
poat-operatiee, 544 
atreptococtal, 643 
tabercelona. 544 
Permeation of carcinoma, 61, 337 
Perthei’ disease, 135 
Pharynz. carcinoma of, 445 
dtseaaeacf, 443 
dieertkaina of, 443 

Pheoehromoeytoma of adrenal xlaad, 
604 

PUehitu, 333 
lotnmnut. 370 
{>cat.«perBtice, 333 
pbiegtaiala alba dolens, 323 
Phosphatase and oanSeatlon, 114 
in caremotna of proetat*, ISO 
Photphoras metaboLam and teae (ottaatioB. 
113 

PtaneDlalioa. phyaiolonr of, 06 
Fid’s doeaae of the spleen, 80 
Piles. 316 

PiloBidal tinaa. 307 
Piaeal glacd, tamonrs of, SS3 
PitutaiT gUnd, adenoma of, 3^9 
carcinoma of, 390 
diseases of, 38S 
Placental mole, C95 
Plaamecytoisa of bone, 171 
Ptenra. ^ciheatisn in, 332 
discasea of, 323 
FIralfona neuroma, 31S 
Psenmalosla, entenc, &Oi 
Poeasecepbalas, 267 
PneaBOthorax. ranetiea of. 323 
Potlamyeldif. anterior. 303 
Polycystic diiease of kidneys, 613 
Pofypostj, of colon, 614 
ofstomarb, ISO 
Portal pyraia, S74 
Fosf>a&al cysts and fiitnbe, 307 
I Post*erieaid ramnoma, 4 <5 
Pott-pnndlil syndrome. 472 
Post-traamatie osteodystrophy, 138 
Potato t a moura of carot 1 1 body, 4 1 5 
I PoU'a diamae of certebril eoTomn, 184 
I parapieTtx. 185 
' Prickle-ceU tomoor, 88 
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^renephiot, dcTelopment of, BO'* 
l*rostate. adenoma of. 657 
calcufi in, 601 
caitinoma of, 662 
bone mctutasM in, 160 
fibrosis of, 601 
hypertrophy of, 657 
fioitaUtia, ehronio intrrstitui, €01 
Psammoma, iotracranlsl, 274 
•pmal, 301 
Piendarthrosls, 110 
PseodocTst, pancnralic, 6S9 
Piendomoclaous cyst o! ovary , <03 
Ptsadomrtoma peritonei, 64S 
Pteodopatalysls of infancy, 128 
Pnerperal tcpsis, €70 
Pulmonary abicrss. 341 
artery, congenital stenosis of, 36i 
carcinoma, 347 
embolism, 336 
fat embolism, 33S 
tabereulosls, 343 
Pnliatlnc exophthalmos. 230 
Pnrpora hxmorrhagica, 602 
PyKCda, 17 

Pyemic abscesses in liver. 674 
Pyelltia, €51 
PyclenephrilU, 622 
tuberculous. 626 

PyelO'TCOeot bacliiloir in hydronephrosis, 
815 

P|UpbI«6itu. 674 
Pylorni. acid control of, 458 
congenital hypcrtrophle atsnosis of, 481 
stenosis of, <!u« to nicer, 466 
Pyooepbrosu, 623 
calenlons, 623 
tuberculous, 626 
Pyopneumothorax. 329 
Pyosalpfnx, €99 


Itadmm, burns due to, 107 
ejects of. 10€ 
ttannla, 403 

Kathke's pouch, tumours derived from, 
291 

Kaysand'a disease, 341 
Y. Bsckbngbsusea’s disease, 315 
Rectum, carcinoma of, 619 
lymphogranuloma of, 619 
melanoma of, 533 
stricture of, 618 
Rectus muscie, rupture of, 314 
haemorrhage into, 314 
Renal counterbalance, 615 
pelFis, leuboplahia of, 622 
tumoura of, 632 
Retina, melanoma of, 105 
Relropetitoneal tissues, cysts and turaoura 
in, 653 

Rhabdomyoma, 83 
Rib, cervical, 308 
Ribs, tuberculosis of, J 90 
Rickets. 143 
Riedel’s struma, 423 
Rodent ulcer, 91 
of face, 394 
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Saeroeoceypeal tumours, cysts and fisiule, 
308 

Saero*6iae joint, tuberculosis, 187 
Salirary glands, calculi in, 410 
chconic enlargement of, 411 
diseases of. 409 
Pyogenic Infections of, 400 
tumours of, 412 
Salpingitis, 693 
isthmica nodosa, 609 
tuberculous. 700 
Sarcoidosu (of Boeeb), 25S 
Sarcoma, 83 

botryoidcs of uferns, 693 

carcinoma and, contrasted, 87 

chicken, 67 

endcMteal, 165 

enilothelial, of bone 173 

Ewing’s, 173 

grape like, of uterus, 603 

melanotic, OS Set alto Sfelaooms 

nyeloid, 160 

o! bladder. 652 

of bone, 164 

In giant-cell tUTDOurs, 163 
in osteilisdeformAn* 194 
of braiD, 578, 283 
of breast, 3S9 
of kidney, 632 
of oiaxilla. 404 
of nerves, 319 
of omentum, 648 
of ovary, 709 
of etnaUintestine, 603 
of spleen, 693 
of stomach, 479 
of testis, 676 
of tongue, 402 
of uterus. 692 
oaaiiyiog, 166 
osteogenic, 1C4 
paioateal, 176 
i periosteal, 165 
retroperitoneal, 654 
' spiodio-celi, 84 
Scspnla, congenital high, 210 
Scarf, endometnoma of, 68S 
beterotopio bone in, 117 
keloid of, 78 

ScheoeMsa&a<Ca]v4 disease of vertebra, 138 
ScUbtofomlaiia, and papilloma, 86 
of aplcen, 699 
Schlatter’s disease, 137 
SehBilet-Chnstian disease of bones, 165 
Sciatica, 31S 

Sclerss, blue, and brittle bones 133 
Sclerosis, srtenai, 2S9 
Scrotum, cancer of, 7 1 
Seminal reside, tuberculosis of, 656 
Semmo^carcinonia of testis, 673 
Semis gangreue. 240 
SeptfcmiDia, 17 

Sever’s disease of ealcaneum, 137 
Sbale-oil cancer, 71 
Shock, euigical, 28 

Shoulder, recurrent dislocation of, 209 
tuberculosis of, 1S9 
Smlo-^oehitis 409 
I Stntmond’s disease, 2S7 
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Siou piloai<3al,307 
thrombosis, 270 

EJrin. post-operatiTe gangniDe of, 23 
SioU, injunes to. 263. 267 
toberouloais of 1£K) 

Spermstocxtozna of testis, 674 
SpiOA bifida, 294 
Tcntoss, 100 

Spinal cord, tunioors of 300 
Spin*, affeetiona of inteirertebral discs of, 
293. 313 
arthritis of, 297 
ostcomjebtis of, 123 
poeMranmatio dystrophy (Kammclls 
di*ase) of, 1 40 
tnbercnloois of, 184 
tameurs of, 300 
Spleen, cysts of. 69 S 
diseases of, 593 
Gancher a disease of, SO 
injarios to, o93 
mol ihty of, 593 
Niemann Pick disease of, 80 
tumoon of, 598 
Splenic aDiemin, 600 
Splenomegalr, Lgyptisn 599 
Spandrlilu deformans, 297 
post-traamatie, 140 
SpontiobUttoma, 373 
Statns thymo-lysiphaiicus, 35G 
8teree>maiteid tusioor, 31 S 
Slonach, acute dilatation of, 483 
carcinoma of, 473 
hour glass deformity of, 467 
leathcr>boltle carcinoma of, 476 
lymphadcnona of, 479 
myoma of, 480 

o^ratire conpticationi sdccting. 472 
polyposis of, 490 
careoma of, 470 
eypliilisof 480 
tuberculosis of, 481 
nicer of 450 
• ulccrwancer " of, 468 
rolTutusof. 483 
Stone, biliarr, 657 
pancreatic, 690 
prostatic Cd 
renal, C38 
saliTary, 410 
ureteral, 03J 
urethral, &<0 
urinary, 635 
Tsgitial. 611 
eesiral C39 

Slrancnbillon of intestine, 490 
Strawberry gall tbiddrr, GfO 
Stndnre, urtSeral, 039 
of rectum 518 
Struma, ItiHel s, 423 
Sobarachnoid hiemorrhage, 260 
Snbdnral bamorrhage. 266 
SobmazilUty gland, dinoates o'. 409 
Bnbphienie sbaceiu 510 
Baprarenil plan b. di.«eaies of, 00 1 
Sspnsellar cystic turn mr, 292 
SympalhlcobUstoma, 320 
of adrenal medulla, 005 
SyneTtloma. 695 


Syphilis, of bone, 127 
of Insm, 283 
of joiDis. 106 
o{lip,SfH 
oflicer, 576 
of stomach, 480 
of testis, 667 
of thyroid gland, 422 
of tongue, 393 
SyphUitie arthritis, 100 
dsctvLtis, 129 
epiphysitis, 128 
ostitis. 127 
osteo-chondritis, 123 
Bmngocele, 297 

SjrrlneomyeUa, arthropathy m. 202 
Syringomyelocele, 297 

Tabes, arthropathy in, 201 
Tale gnnnloma, 541 
Talipes In infantile paralysis, 304 
Tat cancer, 63 

Teeth, tumours and cysts of, 406 
Telangitelatis, hereditary, 234 
Tendon sheaths, diseases of, 317 
tomours of, 219 
TenosynoTltis, 217 
Teratoma, 95 
of breast, 389 
of mediastmom, 351 
of oeary, 700 
of pineal gland, 283 
of testis. 669 
retroperitoneal, 555 
taero co'eygeal, 306 
Teslu, cbononie carcinoma of, 671 
dermoid of, 671 
fibrocystic disease of, C70 
interstitial cell tumour of, C7S 
sarcoma of, 075 

semuioiaa or spcrmatocytoma of, 673 
syphilis of, 667 
tentoid tumours of, 869 
torsion of, 063 
tubercoloeia of, 056 
tumours of, CCS 
Tetanus. 18 

Telania paralbyreopnra, 438 
Tetany, in romitmg and gastric disease, 
466 

post-operative, 438 
spontaneous, 433 
Thoraefe outlet syndrome, 398 
Thorax, diseases of, 323 
Thread-ieorm appendicitis, 629 
Thrombo-angeitis obliterans, 212 
Thrombopenia, essential, C02 
Thrombo*phlebUU, 223 
mignns, 224 

of intracranial sinusca, 270 
Thrombosis, axillary, 221 
In meeenterio vewls, 651 
post4i{icratire, 223 
Thymoma, malignant, 358 
Thymus, camnoma of, 3<>0 
cysts of. 358 
diseases of, 356 

Tbyroclosial cysts and Cstulic, 420 
ojete In tongue. 404 
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Tbyroia, alierrant, 420 
gtan«l, ttclenomu of, 420, 431, 432 
oarclaoma of, 42S 

lone mclastesos in, l“0 
of,418 

intrallioraoic, 3^4 
lingual, 420 
tun30ure of, 432 
Thyroiditis, acute, 422 
ligncoiia or xroody. 423 
ayyhilUw. 42* 
lalvrcijJoiM, 422 
Thyroxin, 419 

Tihls. apophysitis (Osgood Si.hKtter 
di«eaae) of, 137 
coiiq^nitA} seiguhOon of, 21 1 
Tongue, actlnonn cosia of. 40 
enreinoma of, 309 
cysts of, 403 
gamma of, 309 
h»mani;iotna of, 402 
leukoplakia of, 390 
lyrupiiosarcoma of, 402 
papilioma of, 402 
aarcoma of, 402 
srpluliaof. 303 
wyTPgfiswalcjst of, 40 f 
tuenourt of, 399 
TertleotUs, congemUl. 211 
TrasmatiQ asphyxia or cyanosis, 217 
oarpal dystrophy. Ill 
fat necrosis, 3S9 
spondylitis, UO 
Trache«*btonthial cyst. 3S2 
Tropical abscess m livcr, 0T3 
TabCfcalosis, 91 
boTine, 3S 
hypertrophio, 43 
of ileo-cscal region, COO 
miliary, 40 
of ankle joint, 189 
of atlas, ISO 
of bladder, 627 
ot bones, 181 
of brain, 2S3 
of breast, 37C 
of borsx, 221 
of colon, W9 
of epididymis, 655 
of epistrophess, 150 
of facial iMnes, 190 
of genital tract (male), 635 
of bipioint, ISO 
of ileo-c^cal region, 600 
olileaia, 501 
of joints, 181 
of kidney, 624 
of knee joint, 168 
of lung, 143 

ot lymph glands 3^.252 
cervical, 252 
meseaterje, 650 
of peritoneum, 644 
of prostate, 656 
of ribs, m 

of gacroiliae joint, 187 
of aeminal vesicle, 656 
of shoulder, 189 
of skin, 37 


Tnloreniosis, of skuJJ, IDO 
of small intestine, 601 
of stomacl}, 481 
of tendon eheatlis, 218 
of test IS. C57 
of thy roiif gfinrf, 422 
of urinary tract, C24 
of uterine tubes, 701 
of Tertihrie, 18l 
of wrist, 189 
pulmonary 343 
sources of infection Ji] 3b 

Tuhercnloos bv illnna, 40 626 
dvtyhtis 11)0 
pentomtH 544 
pyvlonephnti*, 02b 
pjonephrons 620 
salpingitis 700 

Taber, l‘alio[i'iri. diseases of 6Da 

Tnho-OTsnan bUlcss 700 

Tomoor or Tnmonra. 56 
age incidence of 63 
Hinder* cJxssifie'ifion of, 59 
chicken, 67 
chimney svfccps , 71 
claasifieation of. 70 
desmoii/, 2J6 
Koings, 173 

cxp« nmeiilal prodiKtion of, 67 
familial iDcidenco of, 63 
Fibigers, *7 
giant •cell, ol hone, 160 
of tendon sheaths, 219 
grades of malignancy of, GO 
incidence of, 63 
intcrstitbl cel), of tcatis, G75 
inttacrauml, 271 
imuliation of, 107 
irritation and, 70 
Jensen's mouse. 66 
malignant, characters of. 56 
melanotic, 98 
mesenteric, 543 
metastatic, m bone, 175 
mixed, 95 
mole spinners', 73 
occupational. 71 
of acoustic nerve, 2S0 
of adrenal gland, 604 

of azumaff, 63, 66 

of anus, 532 

of appendix, 533 

of bladder, W9 

of blood reaseli, 933 

of bone, 157 

of brain, 271 

of breast, 376 

of cartil^e, 260 

of ccrebello pontioe angle, 280 

of chorion, 693 

etcoloo, 614 

of ependyma, 2S3 

of epididymis, 666 

of gall bladder, 570 

of hypophjzBis cerebri, 289 

of intestine, 503 

of jaws, 404 

of Lidoey, 627 

of lmr> 677 
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Tnmour or Tnmoaif, of Ij mph tc^Is, 254 
ct laoF, 34G 
of me^i^tinnin, 352 
of mc'cnlery, Ga3 
of &a*cle,2l(t 

of nerves, 96 
penpheral,3l4 
of notochord, 3M 
of asgophajjos, 453 
of ovary. 701 
of palate, 402 
of pancreas 591 
of parathyroid glands, 440 
of pentonenm, 643 
of pineal gland, 2S3 , 

of pitiutaiy gland, 289 
of proetate, 662 
of rectnm, 510 
of renal pelvis, C32 
of saeroeoceygeal region, 306 
of aalrvaty glands, 412 
of aniatl intestine, 503 
of spine and spinal eon), 300 
of spleen, 503 
of teeth, 400 
of tendon sheaths 219 
of testis, 609 
of thynins, 356 
of thyroid ghnd, 432 
of tongue, ^09 
ofuncbtts 014 
of ureter, 633 
of atenne tabe, 700 
ongin of, 72 • 
panffin. 71 
parasitic theory of, 74 
precsDceroos states, 69 
rscial incidence of, 04 
retrDpcritoaeal‘553 
sbite<i] 71 
spread of. 60 * 
ilemocnaatoid, 212 
iaT,63, 7S 
theories of, 72 

transpUntahle, inaounafs Ci, 

Typhoid arthntis, 194 
osteomyelitu, 123 


Uletr, anastomotic, 469 
gastro'jejunal or jejo&ai, 471 
of duodenum, 459 
of (esophagus, 453 
of small Intestine, 502 
of stomach, 459 
peptic, 459 
rodent, 91 
of (ace, 394 
stercoral, 617 
varicose, 210 

DUer*csoeer of atomacb, 4r9 
UmhOieu, endometnoma of 688 
Orsehos. aS'ecuons of. &11 
Ureter, anomalies of, CIO 
dilatation of,614 
donUe, 610 


Ureter, ' golf bole,” 627 
stone in, 639 
stneture of, C19 
tamonrs of. 635 
Ureterocele. 621 

Urethra, consenlal stenosis of, 643 
sfonoin, 640 
valves in prosUtic, 643 
Utenns tabra, diseases of, GOS 
Uterus, adenomyoma of, 636 
carcinoma of, 689 
cndometrioma of, CSC 
fibromyoma or fibroid of, 693 
fibrosis of, CS2 

infianunation of. 679 Ste o/so 
Endometritis 
myoma of, 6S3 
myosarcoma of, 692 
sarcoma of, 602 
I Uveo-parolitis. 413 


Vagina, stone m, 041 
Vaatnl&t oblsteratioes, 23C 
Vancoeele, 247 
Vancose veins, 244 
Vanx, aneurysmal, 326 
Veins, varicose, 344 
Verruca necrogeoiea, 38 
VerUhre, arthritis of, 397 
epiphyaitisof, 135 
osteoayebtis of, 133 
post traumatic dystrophy of 
(Efimmell a duanae). 140 
tubercslcsis of, 194 
tumonn of, 300 

Vertebral eotumn, affections of dues of, 3 
I 313 

j VilsBun 2> and oasiScation, 113 

I Vitetlina duct, anomatice of, 492 
Vitiligo. 100 

Vclkmann’i ischsmic contrselure, 312 
Volmlus neonatomm, 491 
of gall bladder, 670 
of stomach, 483 


WoUUan body and duct, development 
609 

Woody Ib^iditia, 423 
Wound injections, 13 
anaerobic, 30 
bacteriology of, 13 
repair in, 6 
aourcea of, 14 
types of, 16 

Wnst, tuberculosis of, 189 
Wr7-neek,2n 


Zantboma (xanthelasma). 79 
Xinthoiuloria ot bones. 1 55 
Z-ray, bums 107 
carcinoma, 107 
dermatitis, 107 
effect on tumaars. 100 
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